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The compounds (PF 2 )S(CH2 )S(PF2 ) (n=2-6) and 
(PF 2 )O(cH 2 )O(PF 2 ) (n=3-6) have been prepared by reactions of 
S(PF 2 ) 2 with the appropriate dithiols and diols, and have been 
characterised by Nuclear Magnetic Resonance and Infra Red 
spectroscopy. They react with N-methylpyridinium molybdenum-
pentacarbonyliodide to give compounds with two Mo (CO) 5 units 
linked by the ligands. With molybdenumnorbornadienetetra-
carbonyl three types of product can be formed, depending on 
ligand chain length. The predominant products for n=3-6 have 
two bidentate ligands bridging between two cis-Mo(CO) 4 units. 
For n=2, 3 or 4, monomeric species with a single chelating 
ligand on a cis-Mo(CO) 4 unit are also generated. For the 
oxygen containing ligands, a third oligomeric complex can also 
be formed. The abundance of these complexes depends upon the 
concentrations of the reactants. These ligands react with 
[RuC1 2 (p-cymene)] 2 to yield complexes with two RuCl 2 (p-cymene) 
units linked by the ligands. The oxygen bearing complexes 
exhibit unusual n.m.r. parameters. 
The aromatic compounds meta- and para-(PF 20)C 6H 4 (OPF 2 ) 
have been prepared by reactions of S(PF 2 ) 2 with the appropriate 
diol, and characterised by n.m.r. spectroscopy. These ligands 
react with N-methylpyridinium molybdenumpentacarbonyliodide 
to yield complexes with two Mo(CO) 5 units linked by the 
ligands. With molybdenumnorbornadienetetracarbonyl, several 
oligomeric products were formed. The products from para-
(PF 2O)C 6H 4 (0PF 2 ) tended towards polymeric complexes. 
The molecular structures of PF 2SEt, (PF2 )S(CH 2 ) 2S(PF 2 )
1 
 
meta- and para-(PF 20)C 6 H4 (OPF 2 ) were determined, in the gas 
phase, by Electron Diffraction. 
CHAPTER 1 
INTRODUCTION 
This chapter is intended as a discussion of the relevant 
previous work to allow a perspective to the work presented in 
this thesis, and not as a comprehensive review of fluoro-
phosphine chemistry. 
1.1 	Synthetic Routes to Difluorophosphines 
Difluorophosphines have been synthesised by a wide 
variety of routes. 1 The major preparative routes to difluoro-
phosphines have involved either exchange reactions of 
difluorophosphine halides with heavy metal salts,' silyl and 
tributyltin compounds or fluorination of, a suitable dichioro-
phosphine. 
1.1.1 	By Exchange Reactions of Difluorophosphine Halide with 
Heavy Metal Salts 
Silver 2 ' 3 and mercury 4,5  salts are commonly used but 
copper, 6 ' tellurium 7 and potassium8 have also been utilised. 
The difluorophosphine halide is usually difluorophosphine-
bromide 2 ' 4 ' 5 ' 7 or difluorophosphineiodide 3,6 
PF2X + AgOCOR 	.-PF 2OCOR + AgX 3 
X = I, Br, Cl 	R =CF 3 , CH 31  C 2F 5 , C 3 F  7 
This method has the advantages that it employs mild conditions 
and that the volatile difluorophosphine is easily separated 
from the metal halide salt. 
MrIC 
	
1.1.2 	By Exchange Reactions of Difluorophosphinebrornidè 
with Tributyltinoxidé and Sulphide 
2PF2Br + Y(SnBu3 ) 2 	 + 2SnBu 3Br 
Y = S9, 010 
These reactions are mild and provide a high yield of 
difluorophosphine. The reaction of PF 2Br with CH 3C0SSnBu 3 1 
yields a product which contains an oxygen bound PF 2 group at 
193 K. However, upon warming to room temperature both 
oxygen- and sulphur-bonded PF 2 isomers are observed to be 
present in a 4:1 ratio. It has been postulated that the 
reaction proceeds at low temperature via the six membered 
intermediate M. 




The exchange mechanism at room temperature was not elucidated. 
1.1.3 	By Exchange Reactions of PF 2Br with Silyl and 
Germyl Compounds 
The reaction of PF 2 Br with CH 3CSOSiH3 11 at 193 K initially 
yields the sulphur-bonded difluorophosphine product. However, 
warming to room temperature produces an equilibrium mixture of 
oxygen- and sulphur-bonded isomers in a 4:1 ratio. It was 
postulated that this reaction proceeds through a similar 
intermediate to (I). A similar isomerisation occurs for the 
"3 product of the exchange of PF 2Br with CH3COSiMe3NS1Me3.  
-3- 




NSiMe 	 N—PF 2 
,o 
CH 	PF 	 273K 
3 N/ 2 
N 
When PF 2Br was reacted with silyl and germyl 12  deriva-
tives of group VI elements of the form Y(MH 3 ) 2 (M=Si, Ge) 
then a mixture of products containing MH 3Br, MH 3YPF 2 and 
Y(PF2 ) 2 was obtained. 
1.1.4 	By Fluorination of Dichiorophosphines 
____ PC12OR 	
Fluorinating agent - PFOR 14-17 
PC12NR2 	 - PF2NR2 182° 
(PC1 2 ) 2NR 	 a'- (PF2)NR 21 
R = Alkyl, aryl 
The fluorinating agents employed are usually SbF 3 57 ' 21 
or NaF.14 ' 182° This classical technique has been successfully 
used to prepare a wide range of difluorophosphines) However, 
due to the extremely exothermic nature of the reaction it is 
not suitable for preparing difluorophosphines of low thermal 
stability. 
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1.1.5 	By Reaction Between Difluorophosphine Halides 
and Protonic Species 1 
HYR + PF2X + Base 	o.-PF 2YR + Base HX 
Y = o23, s 22 	x = F23 ' 24 , Br23 , Cl 22 R = alkyl 
H 2NR + PF2X + Base 	- PFNHR + Base HX 
X = F, ci 25 	 R = alkyl 
The major disadvantage of this synthetic route is that 
the reaction must be conducted in the presence of excess base, 
usually trimethylamine, to remove the HX generated. If the 
HX is not removed then the phosphorus-Y bond is readily 
cleaved. 27 
1.1.6 	By Reaction Between Bis(difluorophosphino)sulphide 
and Protonic Species 
The reactions of S(PF 2 ) 2 with protonic species are 
summarised in the scheme shown below. 
22,31,32,34,102 
PFOR + PFHS 
2 	 2 
ROH 
(RO) 2P0PF 2 3° + PF HS PF HO + PF 2 HS 
2 	DpOH ;Z2""", 2 
SH PO(OH) R N 
PO(OPF2) n 3-n R 29 
	 n 3-n sPF








PF 2NR2 + PF2 HS 
PF 2NHR 32 + PF2HS 
Scheme 
The major advantage of this preparative route is it requires 
only a one step reaction involving only two reagents to give 
-5- 
the desired products in near quantitative yields. All the 
reactions proceed rapidly at room temperature. The products 
are easily separated from any unreacted S(PF 2 ) 2 and PF 2HS 
by standard vacuum line techniques. Se(PF 2 ) 2 exhibits a 
similar reactivity 23  but is more difficult to prepare than 
S(PF2) 2 
The mechanism of reaction can be postulated as proceed-
ing via a four-centre intermediate (II), analogous to that for 
the reaction of O(PF 2 ) 2 with HBr. 36 PF 2 (SH) is not observed, 









The similar compound PF 2 (S)SPF 2 shows no reaction with RYH 
(Y=S,O) . 
	The formation of PF 2HS may be an important driving  37 
force for the reactions of S(PF 2 ) 2 . 
1.2/ 	Transition Metal Complexes of Difluorophosphines 
In recent years, low valent transition metal complexes 
have become increasingly important because of their applications 
in homogeneous catalysis. This has led to an interest in 
ligands with the potential to stabilise low valent metal 
complexes. Difluorophosphines are one such type of ligand, in 
common with carbonmonoxide and organic isocyanides. The bonding 
in such complexes  has been postulated in terms of a dative 
o-bond from phosphorus to metal, with a synergic d,.-d11-back 
donation of electrons from metal to phosphorus. It has been 
suggested that it is this backbonding which stabilises the 
low oxidation state metal by withdrawal of electron density 
from the metal. There is some controversy over the signifi-
cance of the backbbnding contribution. Nixon 1 has concluded 
that the exact contributions of the a- and 7-bonding are 
unclear and variable depending on the system considered. 
However, electronegative substituants on phosphorus would be 
expected to promote the metal to phosphorus backbond while 
hindering the donation from phosphorus to metal. 
While difluorophosphines can be compared to carbon-
monoxide in their bonding abilities, they have a major advantage 
in that difluorophosphines can be incorporated into a molecule, 
such that a potentially multidentate ligand is formed. This 
ligand could then confer extra stability to a metal complex 
by virtue of the chelate effect. 39 
1.3 	Synthetic Routes to Difluorophosphine Complexes 
The two most common and successful routes to the forma-
tion of difluorophosphine complexes are the displacement of 
coordinated carbonmonoxide and the displacement of coordinated 
organic ligands) ,38 
1.3.1 	Displacement of Coordinated Carbonmonoxide1 ,38,4045 
The displacement of carbonmonoxide by difluorophosphines 
is usually achieved by ultraviolet irradiation or heating. The 
former technique is more selective in product distribution. 
- I- 
Photolysis 	 44 nPF3 + Mo(CO) 6 	 MO(PF3)n(CO)nx + nCO 
Photolysis 	 45 
6PF20C3H 7 + Mo(CO) 6 	 Mo(PF 20C 3 11 7 ) 6 + 6C0 
1.3.2 	Displacement of Coordinated Organic Ligands' 15 ' 465' 
The displacement of coordinated organic ligands by 
difluorophosphines is usually achieved using mild conditions. 
(PF 2 ) 2NEt + Mo(nbd)(CO) 4 . 	' Mo(PF 2 ) 2NEt + nbd 	47 
nbd - norbornadiene 
1.4 	Multidifluorophosphine Transition Metal Complexes 
The coordination chemistry of PF 3 has been extensively 
studied 1 ,55  and many metal complexes are known. Coordination 
compounds of PF20R 15 ' 45 ' 52 ' 53 , PF 2NR2 19 ' 46 ' 48 ' 50 ' 54 and 
PF2SEt 31 are also known. 
Of all the multidentate difluorophosphine ligands, the 
most extensively studied are (PF 2 ) 2NMe and (PF 2 ) 2NEt. These 
ligands can function as bidentate chelating ligands, or as 
bridging ligands between two metal centres. Alternatively, 
depending on reaction conditions, they can function as mono-
dentate ligands. 
The chelating nature of (PF 2 ) 2NEt was first investigated 
by Nixon. 47  He demonstrated that (PF 2 ) 2NEt could displace 
coordinated norbornadiene from M(C 7H8 ) (CO) 4 to prepare the 
chelate ME(PF2 ) 2NEt](CO) 4 , where M = Mo, Cr, W. Photolysis of 
M(CO) 6 in the presence of excess (PF 2 ) 2NMe leads to complete 
substitution of all carbonyls to form M[(PF 2 ) 2NMe] 3 , 56 
M = Mo, Cr, W. 
The photolysis of Mn(C 5H 5 ) (CO) 3 with excess (PF 2 ) 2NMe 
results in the successive formation of Mn(C 5H 5 )[(PF 2 ) 2NMe]CO 
(III) and Mn(C 5H 5 ) [(PF 2 ) 2NMe] 2 (IV) •40 
Mn 






F P' 	P F 2\ F2P, 
N<\ N 
CH 	\ 	 CH  
Iv 
A similar reaction occurs for the photolysis reaction of 
(PF 2 ) 2NMe with M(C 5H 5 )(CO) 3C1, 57 M = Mo, W. 
If forcing conditions and an excess of ligand are used 
then chelate ring opening reactions can be used to form mixed 
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The reaction of Co 2 (CO) 8 with excess (PF 2 ) 2NMe 57 at 
room temperature results in substitution of six carbonyls to 
form Co 2 ((pF2 ) 2NMe] 3 (CO) 2 (V). 
Me 
F 	 P F 
21 2 
OC 	-Co 	Co— 	CO 
	
/\ 	/ 





Subsequent photolysis of the complex (V) with other ligands 
yielded the mixed ligand complexes Co2 [(PF 2 ) 2 NMe] 3L 2 . 57 
Examples of (PF 2 ) 2NMe bridging iron 
43  and nickel 41 have also 
been documented. 
The reaction of a related ligand (PF 2 ) 2NPh with 
Mo (CH 3  CN)  3  (CO) yields the complex Mo{P[PhN(PF 2 ) 2 ] 3}(CO) 3 59 (VI). 
PhN7NPh NPh 




It is postulated that the mechanism involves (PF 2 ) 2NPh coordinat-
ing as a monodentate ligand to give fac -Mo[(PF2 ) 2NPh] 3 (CO) 3 . 
This complex then eliminates two molecules of PF 3 , to form the 
tridentate ligand in place. This type of condensation reaction 
is not observed for (PF2)2NMe.99 
-10- 
1.5 	N.m.r. Spectra of Difluorophosphines 
Both phosphorus and fluorine have one stable isotope 
of 100% abundance ( 31 P and 19F) with nuclear spin i = 
	61 
This makes Nuclear Magnetic Resonance spectroscopy a flexible 
and powerful tool in the analysis and characterisation of 
difluorophosphines. 1 ' 6° The 31  P chemical shifts for tn- 
and pentavalent phosphorus are significantly different and may 
be used to differentiate difluorophosphines from compounds 
with phosphorus in a higher oxidation state. For difluoro-
phosphines the 31 P chemical shifts are found within the range 
296 ppm [Te(PF 2 ) 2 35 ] to 97 ppm [PF 3 1 ]. Within this range 
several general trends can be observed, which together with 
the phosphorus fluorine coupling constant 	pF' are 
characteristic of the substituent on phosphorus (Table 1.1). 
The 31  P and '9 F chemical shifts for difluorophosphine 
metal complexes are generally different from those of the free 
ligands, although the direction and magnitude of these shifts 
are variable. Upon coordination there is usually a decrease 
in the magnitude of 1  1 PF'  but this is not an inflexible 
, rule. 1 31  
When two difluorophosphine groups are coordinated to a 
common metal centre, then a second order spectrum results. 
This is due to coupling between magnetically inequivalent 
nuclei. N.m.r. spectra of this type can usually be analysed 
as due to 	spin systems. 
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Table 1.1 N.m.r. Parameters of Some Common Difluorophosphines 
6P/ppm 6F/ppm 'JpF/Hz Reference 
PF 3 97 -32 1400 (1) 
PF 2 C1 176 -38 1390 (1) 
PF 2Br 218 -40 1388 (1) 
PF 2 I 242 -46 1340 (1) 
PF 2Me 250 -93 1157 (1) 
PF 2Et 234 -104 1114 (1) 
PF 2N(Me) 2 143 -65 1197 (60) 
PF 2N(Et) 2 144 -65 1197 (60) 
(PF 2 ) 2  N 143 
-65 1197 (60) 
(PF 2 ) 2NEt 144 -65 1194 (60) 
(PF 2 ) 2 0 111 -37 1365 (12) 
PF 2OMe 110 -53 1278 (62) 
PF 2OEt 113 -50 1285 (32) 
PF 2OPh 110 -44 1326 (60) 
(PF 2 ) 2 S 219 -64 1303 (12) 
PF 2SMe 237 -62 1261 (22) 
PF 2SEt 236 -69 1261 (31) 
(PF 2 ) 2Te 296 -73 1244 (12) 
PF 2 SC(0)CH 3 213 -78 1269 (11) 
PF 2 OC(S)CH 3 116 -58 1343 (11) 
-12- 
CHAPTER 2 
PREPARATION AND PROPERTIES OF THE BIDENTATE LIGANDS 
(?.!2)0 (CH  2) nO (PF2 ) AND (PF2 ) S (CH 2 )S (PF 2 ) 
Introduction 
Many compounds containing PF2O- groups have been 
reported 1,9,10,15,24,28-30,33,45  ,  and their chemistry has 
been examined in some detail. The majority of these compounds 
are organic derivatives, PF 2OR, but other species are known, 
in which the oxygen is bound to other elements. 28-30,63 
In contrast, very little work has been reported for the thio 
analogues, with PF 2 SMe 22 ' 28 ' 64 and PF2 SCF3 4 being the only 
compounds described so far. 
This chapter describes the preparation of a series of 
compounds containing two PF 2O- or PF2S- groups. These 
compounds are all potentially bidentate ligands. Most work 
with bidentate difluorophosphine ligands reported to date 
has concentrated on compounds of the type (PF 2 ) 2NR 1 ' 7 , or 
(PF 2 ) 2c 6H 10 6567 , in which the two phosphorus atoms are 
close together. The coordination chemistry of these ligands 
is limited to either chelating to a single metal atom or 
bridging between two adjacent metal atoms. 
The ligands described in this chapter are (PF 2 )Y(CH 2 )Y(PF2 ), 
with Y = oxygen or sulphur, and n being between two and six. 
These bidentate ligands have relatively large distances 
between the. .difluorophosphine groups, and their chemistry 
depends on the length of the intervening chain. 
-13- 
2.1 	Preparation of Ligands 
2.1.1 	Results and Discussion 
The ligands (PF 2 )S(CH2 )S(PF 2 ) and (PF2 )O(CH2 )O(PF 2 ) 
were prepared by reactions of S(PF2 ) 2 with the appropriate 
dithiols or diols (Equations 1,21. The major advantage of 
this synthetic route is that it is very simple to purify the 
products, which are liquids of low volatility. Standard 
vacuum line techniques 68  were used to remove the volatile 
by-products, and any solvent which might have been used. 
All the ligands were obtained in effectively 100% yield. 
S(PF2 ) 2 + HY(CH 2 )YH 	 (PF2 )Y(CH 2 )YH + PF2HS 	(1) 
I 
S(PF2)2 + (PF2)Y(CH2)nYH 	(PF2 )Y(CH2 )Y(PF 2 ) + PF2HS (2) 
II 
Y = S, n = 2-6 	 Y = 0, n = 3-6 
ForY=S it was possible to observe the intermediate 
species (I) using n.m.r. spectroscopy (Table 2.1). For Y=0 
the reaction, using two moles of S(PF 2 ) 2 , was too rapid for 
the intermediate (I) to be observed. Reactions using 
equimolar amounts of S(PF 2 ) 2 and diol were not studied. 
Attempts to prepare and isolate (PF 2 )S(CH 2 )SH were not 
successful, but these species may be stable enough for 
reactions with transition metal complexes to be attempted. 
Most of the bisdifluorophosphine ligands (II) were 
stable in solution at room temperature for several hours. 
However the compounds (PF 2 )Y(CH 2 ) 2Y(PF2 ) decomposed by 
elimination of PF 3 to yield ring closed fluorophospholan 60 
products (III) [Equation 3]. 
-14- 
Table 2.1 	N.m,r. Parameters for (PF 2 )S(CH2 )SH 
n oP/ppm 5F/ppm 1JPF/HZ 	/Hz  
2 	233.9 -67.8 1265 9.0 
3 	234.4 -68.4 1264 8.5 
4 	N.S. -68.4 1263 N.S. 
6 	235.7 N.S. 1260 8.5 
N.S. = not studied 
Spectra recorded for CC1 3D solutions 
at 300 K. 
- 15 -U- 
CH 
(PF 2 )Y (CH 2 ) 2 Y(PF2 ) 	 /P_F + PF 3 	(3) 
CH 2—Y 
III 
The reaction for the oxygen compound was rapid and the 
bisdifluorophosphine species (PF 2 )O(CH 2 ) 20(PF 2 ) was not observed. 
The sulphur compound (PF 2 )S(CH 2 ) 2 S(PF2 ) was stable enough to 
be characterised in solution, and then to undergo subsequent 
reaction. However, the rate of ring closure increased as the 
solution was concentrated, and it was not possible to isolate 
the pure compound. 
The mechanism of ring closure is not clear, since it 
has been reported that (PF 2 )O(CH 2 ) 20(PF 2 ) can be isolated as 
a stable, volatile liquid. 15 
2.1.2 	N.m.r. Spectra of Ligands (PF 2 )Y(CH 2 )Y(PF 2 ) 
The bisdifluorophosphine compounds (II) were characterised 
by n.rn.r. spectroscopy, and additional data were obtained by 
i.r. spectroscopy. The 31 P, 19 F and 13C n.m.r. spectra are 
all effectively first order for most of the compounds, but 
under high resolution the 31 P and 19 F n.m.r. spectra of 
(PF 2 )S(CH 2 ) 2 S(PF 2 ) showed second order features. For the 
sulphur compounds the 31 P and 19F chemical shifts are approxi-
mately 234 and -68 ppm respectively with a 'PF  coupling of 
approximately 1265 Hz. For the oxygen compounds the equivalent 
parameters are 111 ppm, -48 ppm, and 1290 Hz. There is very 
little variation in these parameters from compound to compound. 
The 1 H n.m.r. spectra of the compounds (PF 2 )Y(CH2 )Y(PF 2 ) 
were studied. For n=3,5 and 6 the resonance associated with 
-16- 
the CH  group closest to the PF 2Y- group was essentially 
first order. Where Y=O this resonance was a doublet 3PH 
of triplets 	HH' which collapsed to a triplet when 31  P 
decoupled. Where Y=S a doublet 
3PH  of triplets 
of triplets 4FH  was observed, which collapsed to a triplet 
of triplets 4FH  when 31 P decoupled. The remaining 
resonances were second order under the conditions used, and 
would require a complete analysis in order to obtain accurate 
chemical shifts and coupling constants. For n=2 and 4 all 
proton resonances were second order. 
All the n.m.r. parameters are listed in Tables 2.2 and 
2.3 for (PF 2 )S(CH2 )S(PF 2 ) and (PF2)O(CH2) nO(PF2) respectively. 
It should be noted that 4  1 was unresolvable (less thanFH 
0.1 Hz) in all the oxygen compounds, whereas it was ca. 1.5 
Hz in the sulphur compounds. This is consistent with couplings 
transmitted across oxygen being anomalously small. 60 
2.1.3 	I.r. Spectra of Ligands 
The infra-red spectra of (PF 2 )Y(CH 2 )Y(PF2 ) were 
obtained in the liquid or gaseous phase, and are given, with 
assignments, in Tables 2.4, for (PF2)S(CH2) nS(PF2) and 2.5 
for (PF2)0(CH2)nO(PF2)• These assignments are tentative and 
have been made by comparison with related compounds. 90,91 
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Table 2.2 	N.m.r. Parameters for (PF 2 )S(CH 2 )S(PF 2 ) 
n 2 3 4 5 6 
6P/ppm 233.1 233.2 233.9 234.2 235.5 
cSF/ppm -69.9 -68.4 -68.5 -68.6 -68.6 
6H1/ppm 3•18a 3.05 2•95a 2.93 2.92 
6H 2 /ppm 2.07 182a 172a 170 a 
6H3/ppm 1•52a 143 a 
6C 1 /ppm 28.3 24.5 27.7 25.4 26.4 
6C 2 /ppm 33.6 30.3 31.4 31.7 
6C 3 /ppm 26.8 27.5 
PF/Hz 1270 1267 1264 1264 1261 
/Hz 9a 8.2 84a 8.7 8.8 PH 1 
FH1 /Hz N.S. 1.5 1.6 1.6 1.6 
/Hz 6.9 7a 7.2 7.3 H 12 
/Hz 24.3 24.9 24.4 24.5 24.3 
2.2 2.3 2.5 2.6 
31 FC1/H 6.0 6.4 6.5 6.2 6.0 
4JFC2/Hz 1.1 N.S. 1.2 0.9 
N.S. = not studied 
Spectra recorded for CC1 3D solutions at 300 K 
a = approximate value: the spectrum is second order 
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Table 2.3 	N.m.r. Parameters for (PF 2 )O(CH 2 )O(PF 2 ) 
n 3 4 5 6 
6P/ppm 111.6 111.7 111.8 111.8 
OF/ppm -48.7 -48.6 -48.5 -49.5 
011 1 /ppm 4.18 410a 4.07 3.66 
2 /ppm 1.99. 176 a 169a 126a 
0H3/ppm 1•50a 1.03 a 
6C 1 /ppm 58.7 62.3 62.8 62.9 
6C 2 /ppm 30.9 26.4 29.7 30.0 
6C 3 /ppm 21.6 24.9 
1 
1291 1290 1289 1288 
3JPH1/Hz 6.2 6.6 6.5 6.6 
3JH1H2/Hz 6.0 N.S. 6.4 6.6 
/Hz  4 4 4 4 
3 3 3 3 
2 Fc 1 /Hz  9.9 9.8 9.5 9.4 
N.S. = not studied 
Spectra recorded for solutions in CC1 3D at 300 K except for 
n=6 where a diethylether solution with a (CD 3 ) 2C0 capillary 
was used. 
a = approximate value: the spectrum is second order 
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Table 2.4 	I.r. Frequencies for (PF 2 )S(CH 2 )S(PF 2 ) 
n= 	3 4 5 
2930 s 2935 s 2935 s 
2855 s 2855 s 2860 s 
1445 sh 1450 in 1455 in 
1430 in 1430 m 1430 in 
1350 sh 1355 sh 1350 w 
1305 in 1290 m 
1260 in 1280 m 
1245 in 1240 in 












CH  wag 





























PF 2 def 
s = strong, in = medium, w = weak, sh = shoulder, 
v = very. 
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Table 2.5 	I.r. Frequencies for (PF 2 )0(CH 2 )0(PF 2 ) 
= 	3 a 4a 5b 6b Assignment 
2990 in 2980 in 2960 s 2960 s 
2920 in 2920 m 2940 sh 2940 sh - CH 2 2910 in 2910 
2860 vw 2880 in 2870 m 
1480 in 1480 m 1475 in 1475 in 
1435 vw 1455 w 1450 in 1460 vw 
1440 mw 1435 w 
1390 mw 1390 w 1390 in 1385 mw 
1300 in 1305 in C-H 
1260 mw, 1260 mw, 1265 in 1260 mw C-C 
br br vibrations 
1210 w 1235 w 1230 mw 
1200 in 1190 in 
1140 sh 1135 w 
1095 sh 1100 sh 
1045 vs 1045 vs 1030 s,br 1030 s,br 
990 s 995 s 
P-0-C 
925 in 925 in 930 in 935 in - stretches 
915 in 915 m 
895 in 890 mw 
860 sh 855 sh 1 
825 vs 825 vs 810 vs 810 s F- V P-F 
795 vs 795 vs 770 vs 770 vs 	j 
550 m 550 in 545 s 540 s 0-P-F 	def. 
480w 
s = strong, in = medium, w = weak, v = very, 
br = broad, sh = shoulder 
a = gas phase spectrum 
b = liquid phase spectrum 
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2.2 	Reaction of the Ligands (PF 2 )Y(CH2 )Y(PF 2 ) with 
[N-methylpyridiniurn] molybdenurnpentacarbonyliodide 
The reactions of the bidentate ligands, (PF 2 )Y (CH 2 )nY(PF 2 ), 
with [N-methylpyridinium] molybdenumpentacarbonyliodide, 
[N-mp] [Mo(CO) 5 1], were monitored by 31 P n.m.r. spectroscopy. 
For the sulphur-containing ligands, the 31 P chemical shift 
moved to lower frequency on complex formation, from ca. 235 
ppm to ca. 225 ppm. There was an associated reduction of 
ca. 70 Hz in 1  1 	 (Tables 2.2 and 2.6). For the oxygen- 
containing ligands, the 31 P chemical shift moved to higher 
frequency on complex formation from ca. 112 ppm to ca. 
151 ppm, with an associated decrease of 50 Hz in 1 
1 pF 
(Tables 2.3 and 2.6). In all cases the fluorine resonances 
moved to higher frequency on complex formation. These changes 
in n.m.r. parameters are consistent with the ligands 
coordinating to molybdenum, at one metal site via the 
phosphorus. 1 These reactions are summarised in Equation 3. 
(PF 2Y (CH 2 )Y(PF 2 ) + 2[N-mp][Mo(CO) 5 1] 	 W. 
MO(CO) 5 [(PF 2 )Y (CH 2 )Y(PF 2 ))Mo(CO) 5 + 2[N-mp]I 	(3) 
Y=S,O 	n=3-6 
The 13 C n.m.r. spectrum of the carbonyls bound to molybdenum 
were studied, in order to obtain confirmation of the 
coordination geometry. For each product the 	C n.m.r. 
spectra, of the carbonyls, showed two doublets 	withCP 
a ratio of intensities of 1:4. The weaker, high-frequency 
doublet showed the larger 	value and was therefore 
Table 2.6 	N.m.r. Parameters for M(CO) 5 [(PF 2 )Y(CH 2 )Y(PF2 )]M(CQ) 5 
Y n M tSP/ppm cSF/ppm 6C8'/ppm 6C  /ppm 
1 	P JPC. 2Jpcb /Hz Jp/HZ 2FW/Hz  
S 3 Mo 225 -30.9 205.9 202.2 1197 52.0 12.3 
S 4 Mo 226 -31.5 206.1 202.3 1197 50.0 12.9 
S 5 Mo 227 -31.6 205.8 201.5 1196 50.0 12.2 
S 6 Mo 227 -31.8 206.3 202.4 1196 49.5 12.9 
o 3 Mo 151.0 -21.1 205.7 202.4 1238 46 15 
o 4 Mo 151.0 -20.9 205.6 202.5 1238 47 14 
o 5 Mo 1 .50.9 -20.9 205.6 202.6 1238 45 15 
o 6 Mo 150.9 -21.0 205.7 202.6 1238 46. 15 
o 3 w 125.6 -23.6 192.7 195.6 1221 52 11 454 30 
o 4 w 125.4 -22.8 192.8 195.6 1220 55 11 454 	.. 28 
o 5 w 125.4 -22.9 193.3 195.9 1221 51 11 454 30 
0 6 w 125.5 -22.9 193.6 195.8 1221 52 11 454 30 
Spectra recorded for solutions in CC1 2D 2 at 300 K. 
a ligands trans to phosphorus 
b ligands cis to phosphorus 
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assigned to the carbonyl groups trans to the difluorophosphine 
group. The lower frequency doublet showed a smaller 
value, as expected for carbonyls cis to the difluorophosphine 
group. 
The proposed structure with one bidentate ligand bridging 
two Mo(CO) 5 groups, was confirmed by mass spectroscopy 
(Tables 2.7 and 2.8). The mass spectra showed the parent 
ions {Mo(CO) 5 E1(PF 2 )Y(CH 2 ) Y(PF 2 )]Mo(CO) 5 } with subsequent 
and sequential carbonyl loss. All the spectra showed a 
common carbonyl loss pattern. 
2.3 	Reactions of (PF 2 )O(CH 2 )O(PF2 ) with [N-methyl- 
pyridinium] tungstenpentacarbonyl iodide 
The reactions of (PF 2 )O(CH 2 )O(PF 2 ) with [N-mp] [W(CO) 5 1] 
are summarised in Equation 4. 
(PF 2 )O (CH 2 )O(PF 2 ) 	+ 2[N-mp) [W(CO) 5 1] 
W(CO) 5 [(PF 2 )O(CH 2 )O(PF 2 )]W(CO) 5 + 2[N-mp]I 	(4) 
n = 3-6 
The tungsten complexes (V) were characterised in the same way 
as the molybdenum complexes (IV) . The n.m.r. parameters are 
listed in Table 2.6, and the mass spectral data are detailed 
in Table 2.8. 
2.4 	Reactions of (PF 2 )(CH 2 )Y(PF 2 ) with Molybdenum-- 
norbornadienetetracarbonyl 
The reactions of (PF 2 )Y(CH2 )Y(PF 2 ) with molybdenum-
norbornadienetetracarbonyl, Mo(nbd) (CO) 41  were followed by 
n.rn.r. spectroscopy, and are summarised in Equation 5. 
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Table 2.7 Ions Observed in the Mass Spectra of 
Mo(CO) [(PF) S(CH 2 )S (PF 2 ) )Mo(CO) 
n 3 4 5 6 
[M] 716(100) 730(100) 744(93) 758 (100) 
[M-5CO] 576(30) 590(28) 604(64) 618(52) 
[M-6CO] 548(50) 562(64) 576(78) 590(39) 
[M-7COJ 520(83) 534(83) 548(78) 562(57) 
[M-8CO] 492(65) 508(69) 520(100) 534(70) 
[M-9CO] 464(35) 478(33) 492(93) 506(57) 
[M-1000] 436(28) 450(16) 464(27) N.O. 
N.O. = not observed 
In each case the mass of the peak corresponding to 2x 96 M 
in each group is given. Values in parenthesis are the 
relative abundance of each group. 
Table 2.8 	Ions Observed in the Mass Spectra of M(CO) 5 [(PF2)O (CH 2LnO(PF 2 )]M(C0)S 
n 3 4 5 6 3 4 5 
6 
M Mo Mo Mo Mo W' w w 
w 
684(63) 698(67) 712(100) 726(82) 858(100) 872(100) 886(100) 
900(100) 
[M-CO] ,  656(14) 670(29) 684(20) 698(3) 830(5) N.O. 
858(8) 872(7) 
[M-2CO] 628(32) 642(38) 656(23) 670(2) 802(4) N.O. 830(2) 
N . O. 
[M-3CO] 600(32) 614(24) 628(31) 642(29) 774(60) 788(30) 
802(50) 816(42) 
[M-4CO] 572(47) 586(49) 600(23) 614(44) 746(5) N.O. 
774(4) N.O. 
[M-5CO] 544(100) 558(67) 572(46) 586(85) 718(100) 732(100) 
746(98) 760(100) 
[M-6CO] 516(36) 530(31) 544(31) 558(53) 690(100) 704(100) 718(90) 
732(97) 
[M-7CO] 488(82) 502(100) 516(67) 530(100) 662(100) 676(80) 690(80) 
704(85) 
[M-8CO] 46(46) 474(42) 488(39) 502(50) 634(10) 648(20) 662(15) 
676(12) 
[M-9CO] 432(36) 446(49) 460(33) 474(50) 606(20) 620(40) 634(40) 
648(30) 
[M-1000] 404(46) 418(54) 432(15) 446(44) 578(20) 592(40) 606(30) 
620(24) 
In each case the mass of the peak corresponding to 2x 98 M or 2x 
183  W in each group is 
given. 
N.O. 	= not observed. 




(PF 2 )Y (CH 2 )Y(PF 2 ) + Mo(nbd)(CO) 4 	 so 
{Mo(CO)4[(PF2)Y(CH2)Y(PF2)]} + nbd 	(5) 
	
Y = S 	n = 2-6 	x = 1,2 
Y = S 	n = 3-6 	x = 1-3 
For the sulphur-containing ligands, and n=4-6, one major 
product with three minor unidentified decomposition PF 2 
products were observed. The 31 P and 19 F n.m.r. spectra of 
the major product were of the type expected for an [AX 212 
type spin system (Figures 2.1, 2.2). The n.m.r. parameters 
were obtained from the fluorine n.m.r. spectra using the 
equations of Harris et al. 
69  These spectra were not of high 
enough resolution to allow evaluation of 
The 31 P and 19F chemical shifts for the metal complex 
products were to' low frequency of those for the free ligand 
by Ca. 10 ppm and 28 ppm respectively, with an associated 
reduction in 1 J P 
  of Ca. 80 Hz (Tables 2.2 and 2.9). This 
is consistent with the ligands coordinating to the molybdenum 
via the phosphorus. It is apparent from the second order 
31 	19 P and F n.m.r. spectra that two difluorophosphine groups 
are bound to each molybdenum, though it was not possible to 
assign the coordination geometry on the basis of the 
value. 70  There were several possible products (Diagram 2.1): 
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Figure 2.1 The 
 
31 	 CHn.m.r. Spectrum of {D(CO)4[(PF2)S(Q 2fli2 





















1 	 b 
Table 2.9 
	N.m.r. Parameters for {M0(C01 [(PF2)S(CH 21n S(PF2)3j 
{Mo(C0)4[(PF2)S(CH2)S(PF2))}2 Mo(C0) 4 [(PF2)S (CH 2)S(PF2)] 
3 4 5 6 2 3 
224.5 225.6 226.2 226.5 242.1 245.9 
-29.3 -19.8 -30.1 -30.3 -19.7 -14.7 
202.3 202.5 202.6 202.6 N.S. N.S. 
206.2 206.6 206.6 206.7 N.S. N.S. 
1194 1193 1193 1193 1175.5 1151 
45.5 45.0 46.0 46.5 25.0 30.8 
3.28 32 a 32 a 32 a 158 30a 
15 13 13 13 N.S. N.S. 
N.S. 53 56 55 N.S. N.S. 
N.S. 
18 d 21 d 21d N.S. N.S. 
'.0 
N.S. = not studied 
Spectra recorded for C 
a 	the sign of this 
b coupling between 
c 	coupling between 
d the sign of this 
1 3 D solutions at 300 K 
coupling is opposite to that of 
cis ligands 
trans ligands 
coupling is opposite to that for the trans J PC 
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Diagram 2.1 
P 	 p 	 p 
N1 NIZ 
MO i 	 Mo 	 Mo 	 Mo 
VIN ZIN 
P 	 p 
VI 	 VII 	 VIII 
Trans-Chelating Cis-Chelating 	Trans-Bridging 
I 	P 
	 higher oligomers 
MO MO 






- 	 Cis-Bridging 
The polymer possibility (X) was discounted since most 
difluorophosphine polymers tend to be insoluble, more complex 
n.m.r. spectra would also be expected. The 13C n.m.r. spectra 
of the carbonyl groups bound to molybdenum show two distinct 
groups of resonances (Figure 2.3) . At lower frequency there 
was a triplet with a small 2 
	value, ca. 15 Hz, which 
corresponded to a cis coupling. This resonance was assigned 
to carbons (a) (Diagram 2.2) . The higher frequency resonances 
were analysed as arising from the X nuclei of an [ABx] spin 
system 71 where A and B are 3 P and X is 13C. This resonance 
had two 2 1 	 components of ca. 15 Hz and Ca. 55 Hz, whichCP 
correspond to cis and trans coupling respectively. This 
resonance was assigned to carbons (b) (Diagram 2.2) 
Diagram 2.2 
CaO 




Figure 2.3 The 13C(1H]  n.m.r. Spectrum of {Mo((X)) 4 [(PF2 )S(CH2) 2)]} 2 
209 	208 	207 	206 	205 	204 	203 	202 	201 
ppm 
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Mass spectrometry showed that the parent ions observed 
corresponded to the dibridged dimolybdenum species 
{Mo(CO) 4 [(PF 2 )s(CH2 )S(PF 2 )]}. Ions showing sequential 
loss of carbonyl groups were also observed (Table 2.10). 
The major species formed in the reaction was therefore 
identified as species IX. 
The reactions of (PF2)S(CH2)nS(PF2)i where n=2 and 3, 
with Mo(nbd) (CO) 4 yields two products, both of which 
exhibit 	resonances in their 31 P and 19F n.m.r. 
spectra. For n=3 the lower frequency resonances are the 
more intense by a factor of three. However, for n=2 the 
higher frequency resonances are four times as intense as 
those at lower frequency, Figure 2.4. The n.m.r. parameters 
associated with the lower frequency resonances are very 
similar to those previously obtained for the dimeric species 
(IX) identified for n=4 to 6 (oP Ca. 223 and OF ca. -29 ppm). 
However, the n.m.r. parameters for the second complex are 
significantly different, with OP ca. 243, OF ca. -16 ppm 
and a lower value of 1PF (Table 2.9). The two compounds 
were separated by solvent extraction (experimental section 
8.4.6) , re-examined by n.m.r. spectroscopy, and then 
examined by mass spectroscopy. As expected the complex 
with the lower frequency resonances was identified as the 
dimeric complex (IX) , while the complex having the higher 
frequency resonances was identified as the monomeric 
chelated species (VII). 
For the oxygen-bearing compounds the reactions with 
Mo(nbd) (CO) 4 are much more complicated, the products of 
Table 2.10 Ions Observed in the Mass Spectra of 1Mo(CO) 4 [(PF 2
)S(CH 2)S(PF2Ui 
n 2 3 2 3 
4 5 6 
x 1 1 2 2 
2 2 2 
[M] 438(100) 452(100) 876(74) 904(100) 
932(62) 960(100) 988(21) 
[M-CO] 410(63) 424(14) N.O. N.O. N.O. 
N.O. 960(7) 
[M-2CO] 382(63) 396(56) N.O. 848(3) N.O. 904(6) 
932(7) 
(M-3CO] 354(55) 368(48) 792(26) 820(3) N.O. N.O. 
904(7) 
[M-4CO] 326(63) 340(52) 764(29) 792(13) 820(6) 
848(8) 876(7) 
[M-5CO] 736(100) 764(33) 792(13) 820(15) 
848(7) 
[M-6CO] 708(39) 736(33) 764(15) 792(33) 
820(31) 
[M-7CO] 680(26) 708(33) 736(100) 
764(47) 792(7) 
[M-8CO] 652(42) 680(27) 708(10) 736(56) 
764(100) 
N.O. = not observed. 
In each case the mass of the peak corresponding to 96 M or 2x 96 M in each group is 
given. 




Figure 2.4 	The 31 P[ 1 H] n.m.r. Spectra for the Reactions of 
(PF 	with Mo(nbd) (CO)4 
a) 	n 
-I- 	I 	I 	I 	I 	I 	I 
300 280 260 240 220 200 180 	160 
ppm 
300 	280 	260 	240 	220 	200 	180 	160 
ppm 
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reaction depending on the concentrations of the reactants. 
With low concentrations, and n=3-5, a mixture of monomeric 
chelate (VII) and dimeric bridged (IX) complexes were formed. 
For high concentrations, and n=5 or with n=6 at all concen-
trations, a mixture of bridging dimer (IX) and a higher 
oligomer complex was obtained. For n=3,4 at high concentra-
tions a mixture of monomer (VII), dimer (IX) and a higher 
oligomer was found. The monomeric complex could be separated 
by solvent extraction (experimental section 8.4.6) from the 
other species present, but it was not possible to separate 
the higher oligomer complex from the dimeric complex. The 
monomeric chelated and dimeric dibridged complexes were 
identified as described above for the sulphur complexes 
(Tables 2.11, 2.12). The oligomeric complex was tentatively 
assigned as a 'trimeric' species, but this could not be 
confirmed by mass spectroscopy because of the limitation of 
the operating range available for the spectrometer used. 
For the dirneric complexes {Mo(CO)4[(PF2)Y(CH2) nY(PF2)]}2 
all the n.m.r. parameters were consistent, within experimental 
error. However, for the monomeric chelated species 
MO(CO) 4 [PF2Y(CH 2 ) nY(PF2)]P a range of values was obtained 
for the equivalent parameters, in particular 	The 
n.m.r. parameters for the dimeric sulphur-containing complexes 
are in close agreement with those obtained for Mo(CO) 4 (PF 2 SEt) 2 
(oP 227.5 ppm, OF -30.7 ppm, 1pF 
 1192 Hz, 2 1 PPI46 Hz, 
PF 4 Hz).. The variations observed in the n.m.r. parameters 
for the monomeric complexes could be attributed to the effects 
of ring strain. 82 
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Table 2.11 	N.m.r. Parameters for 
{Mo (CO) 4 1(PF2) 0 (CH21O(PF2)]} 
x 	n SP/ppm oF/ppm 1JPF/Hz :2J/Hz 
1 	3 171.9 -8.65 1228 39 
1 	4 153.8 -16.4 1256 52 2 	
a 
1 	5 152.1 -17.2 1243 51 4 	
a 
2 	3 152.9 -20.0 1234 52 3 	
a 
2 	4 152.8 -19.9 1235 55 4 	
a 
2 	5 152.8 -19.9 1235 54 4 	
a 
2 	6 152.7 -20.0 1232 54 3 	
a 
3 	3 152.8 -20.3 ".1230 N.S. N.S. 
3 	4 152.7 -20.3 1230 N.S. N.S. 
3 	5 152.7 -20.0 1231 53 4 	
a 
3 	6 152.6 -20.1 1230 N.S. N.S. 
N.S. = not studied 
Spectra recorded for CC1 3D solutions at 300 K 
a 	= the sign of this coupling is opposite to that for 
1 
F 
Table 2.12 	Ions Observed in the Mass Spectra of {Mo(CO)4[(PF2)O(CH2)O(PF2)jj 
n 3 4 5 3 4 5 6 
x 1 1 1 2 2 2 2 
[M] 420(71) 434(100) 448(100) 840(100) 868(90) 896(100) 924(75) 
[M-CO] 392(23) 406(26) 420(33) 812(8) 840(7) 868(4) 896(1) 
[M-2CO] 364(79) 378(96) 392(94) 784(4) 812(3) 840(1) 868(1) 
[M-3CO] 336(100) 350(96) 369(66) 756(92) 784(64) 812(40) 840(64) 
[M-4CO] 308(56) 322(33) 336(28) 728(58) 756(40) 784(13) 812(21) 
[M-5CO] 700(83) 728(100) 756(30) 784(100) 
[M-6CO] 672(75) 700(100) 728(53) 756(96) 
[M-7C01' 644(92) 672(84) 700(47) 728(48) 
[M-8CO] 616(80) 644(89) 672(80) 700(17) 
In each case the mass of the peak corresponding to 96 M or 2x 96 M in each group is 
given. 
Values in parenthesis are the relative abundance of each group. 
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Studies on the related ligands (PMe 2 )CH 2(PMe2) ,72 
PBU (CH 2 n )PBU 	 2 	2 (n=5, 73 5-8, 	8-1O) and PPh(CH)PPh 2 
(n=1-4 76 ) show a reactivity similar to that described above 
for (PF 2 )Y(CH 2 )Y(PF 2 ). Shaw has postulated that dimeric 
complexes of the type (MCl 2 [PB$(CH 2 )PBu]} 2 , m=Pd, Pt, 
are formed in preference to monomeric or open chain polymeric 
complexes, because of ring strain and internal entropy 
factors. 74 ' 78 The favourable entropy value was conferred 
by the bulky PBu moieties hindering bond rotation in the 
ligand chain. However studies on other long chain bidentate 
ligands 72 ' 77 ' 7981 suggest that the choice of ligand and 
metal substrate can influence the types of products formed. 
2.5 	Reactions of the Ligands (PF 2 )O(CH 2 ) 30(PF 2 ) and 
(CH 2 ) 6 S (PF 2 ) with Tungstennorbornadiene-
tetracarbonyl 
The reactions of (PF 2 )O(CH 2 ) 30(PF 2 ) and (PF 2 )S(CH2 ) 6 S(PF 2 ) 
with W(nbd) (CO) 4 are summarised in Equation 6. 
(PF 2 )Y (CH 2 )Y(PF 2 ) + W(nbd)(CO) 4 
{W(CO)4[(PF2)Y (CH 2 ) nY(PF2 )]} x + nbd 	(6) 
Y=S, n=6, x= 1 
Y =0, n=3, x = 1,2 
The products were characterised in the same way to those 
used for the molybdenum compounds. The n.m.r. parameters 


















N. S. V̂ 	40 




N.m.r. Parameters for [W(CO)4L] 
L 
	
(PF2 ) S (CH 2)6  S (PF) 
	
(PF2 )O (CH 2 ) 30(PF 2 ) 
N.S. = not studied. 
N.O. = not observed 
Spectra recorded for CC1 3D solutions at 300 K. 
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2.6 	Summary of Results for Reactions of 
Y (CH 2 )Y (PF 2 ) with Metalnorbornadiene - 
tetracarbonyl 
The results for the reactions of (PF 2 )Y(CH 2 )Y(PF 2 ) 





Summary of Results for Reactions of 
(PF 2 )Y(CH2 )Y(PF 2 ) with Metalnorbornadiefle 
tetracarbonyl 
For compounds of the type {Mo(CO)4[(PF2)Y(CH2) nY(PF2)) } x 
M Y n x %age abundance 
Mo S 2 1 80 
Mo 5 2 2 20 
Mo S 3 1 25 
Mo S 3 2 75 
Mo S 4 2 100 
Mo S 5 2 100 
Mo S 6 2 100 
W S 6 2 100 
Mo 0 3 1 45 - 40 
Mo 0 3 2 50-50 
Mo 0 3 1 3' 4 	- 	10 
•Mo 0 4 1 18 
Mo 0 4 2 76 
Mo 0 4 1 3' 6 
Mo 0 5 1 20-0 
Mo 0 5 2 73-55 
Mo - 	 0 5 1 3' 7 - 45 
Mo 0 6 2 75 
Mo 0 6 1 3' 25 
W 0 3 1 18 
W 0 3 2 82 
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CHAPTER 3 
PREPARATION AND PROPERTIES OF THE BIDENTATE LIGANDS 
ORTHO-, META- AND PARA-(PF 2O)C 6 H4 (OPF 2 ) 
Introduction 
Following the successful preparation and metal complexa-
tion reactions of the aliphatic ligands 	 )01  
it was decided to synthesise the potentially bidentate 
aromatic ligands (PF 2O)C 6 H 4 (OPF 2 ). These ligands are of 
interest because they contain the relatively rigid backbone 
of the disubstituted benzene ring. The coordination chemistry 
of these bidentate ligands may be dependent on the position 
of substitution. The ortho- (I) and meta- (II) disubstituted 
ligands have the potential either to chelate to a single 
metal atom, or bridge between two metal atoms. The ortho-
ligand (I) has the shortest distance between the PF 2 groups 
and has the potential to bridge metal-metal bonds. The 
para-ligand (III) is unlikely to chelate and more likely to 
act as a bridging ligand. 
OPF 2 	 OPF2 
OPF2 	
© C0)_10PF2 @---OPF2  
OPF 2 
I 	 II 	 III 
The para-ligand (III) and the monodentate PF 2OPh have 
previously been reported and some of their reactions 
investigated. 15  This chapter describes the preparation and 
some reactions of the ligands (PF2O)C6H4(OPF2). 
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3.1 	Preparations of Ligands 
3.1.1 Results and Discussion 
The ligands meta- and para-(PF 2O)C 6H4 (OPF 2 ) (II and III) 
were prepared by the reaction of S(PF 2 ) 2 , in two fold excess, 
with the appropriate diol [typically Equations 1 and 21. 
Standard vacuum line techniques were used to remove any 
volatile by-products, and any solvent that might have been 
used. The meta- and para-ligands (II and III) were obtained 
in effectively 100% yield. 
S(PF 2 ) 2 + HOOH 	- PF2OOH + PF 2HS 	(1) 
IV 
S(PF2)2 + PF 2 0©OH 	PF2O©OPF2 
+ PF 2HS 	(2) 
III 
Compounds of the type (IV) could be prepared for the meta-
and para-(PF 2O)C 6H4 (OH) compounds, but not for the ortho-
(PF 2 O)C 6H 4 (OH) (V) species. The species V spontaneously 
decomposes, by elimination of HF, to yield a ring closed 
fluorophospholan product 
 60  (VI) [Equation 31. 
I (3 I 	 - F + HF 	(3) 
-'OPF2 	
@~ 0/ 
V 	 VI 
The ortho-(PF 2O)C 6 H 4 (OPF 2 ) ligand (I) can be prepared in 
CC1 3D solution, by the reaction of S(PF 2 ) 2 with ortho-
(HO)C 6H4 (OH). The ortho-ligand (I) is unstable in solution, 
and decomposes by elimination of P.F 3 to yield the fluoro-
phospholan compound (VI). The rate of ring closure increased 
as the solution was concentrated, and it was not possible 
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3.1.2 N.m.r. Spectra of Liqands of the Type 
( PF 	(OPF 2 ) 
The bis-difluorophosphine compounds (I-Ill) were 
characterised by n.m.r. spectroscopy. The 3' P, 19 F and 
13  C 
n.m.r. spectra were effectively first order for all the 
compounds (I-Ill). The 31  P and 19 F chemical shifts were ca. 
110 and ca. -44 ppm respectively with a 1PF  coupling constant 
of ca. 1355 Hz (Table 3.1). The 
31  P chemical shifts for the 
aromatic ligands (I-Ill) are very similar to those found for 
(PF 2 )O(CH 2 )O(PF 2 ), however the 19F chemical shifts and 
PF coupling constants are significantly different (Tables 
2.3 and 3.1). 
The 1  H n.rn.r. spectra of compounds I and II consisted 
of second order resonances centred at Ca. 7 ppm. The 
n.m.r. spectrum of compound III was a singlet with a chemical 
shift of 7.2 ppm. 
3.2 	Reactions of Ligands (PF 2O)C 6H 4 (OPF 2 ) with 
N-methylpyridinium molybdenumpentacarbonyliodide 
The reactions of the ligands (PF 2O)C 6H 4 (OPF 2 ) (I-Ill) 
with [N-mp] [Mo(CO) 51] were monitored by n.m.r. spectroscopy. 
In common with the reactions of (PF2)O(CH2)nO(PF2) with 
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Table 3.1 	N.m.r. Parameters for Ligands of the Type 
(PF 20) C6114 (OPF2) 
Ligand I II III 
oP/ppm 112.8 110.7 108.4 
OF/ppm -43.6 -44.3 -44.4 
tSCa/ppm 141.1 149.0 144.7 
OCb/ppm 122.8 114.5 122.1 
OC/ppm 126.2 188.2 
OCd/ppm 130.5 
13pF/Hz 1334 1331 1329 
::: ::: 
CbP 
n /Hz 4.9 
JCF/Hz 5.0 5.0 5.0 
Spectra recorded for CC1 3D solutions at 
298 K 
Labelling system used for compounds I-Ill 
OPF 	 OPF2 
a PF 2 OPF 	 OPF2 	 © 2 	 I 
OPF 2 
I 	 II 	 III 
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[N-pm] [Mo(CO) 5 1], the 31 P chemical shifts moved to higher 
frequency on complex formation, from ca. 110 ppm to ca. 
150 ppm. The 19F chemical shifts also moved to higher 
frequency, from ca. -44 ppm to ca. -12ppm, with an associated 
decrease of Ca. 80 Hz in the 
1  1 pF 
 coupling constant, on 
formation of metal complexes. These changes in the n.m.r. 
parameters are consistent with the bidentate ligands I-Ill 
coordinating to the molybdenum at one metal site via each 
phosphorus [typically Equation 51. 
PF 2O "' OPF2 +2[N-mp][Mo(CO) 5 1] 
Mo(CO)5 [ PF2O©OPF2 
 ] Mo(CO) 5 +2[N-mp]I 	(5) 
VII 
The 31 P and 19 F n.m.r. parameters for complexes of the type 
VII are listed in Table 3.2. 
The proposed structure, with one bidentate ligand 
bridging two Mo(CO) 5 units was confirmed by mass spectroscopy. 
The mass spectra showed the parent ions 
{Mo(CO) 5 [(PF 2O)C 6 H 4 (OPF 2 )]Mo(CO) 5 } with subsequent and 
sequential carbonyl loss (Table 3.3). The metal complexes 
were isolated as air and moisture sensitive yellow oils 
(experimental section 8.5.4) 
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Table 3.2 	N.m.r. Parameters for 
No (CO) [(PF 2O)C 6 H4 (OPF 2 ) ]Mo(CM 
Ligand tSP/ppm tSF/ppm 1JPF/Hz 
I 149.9 -12.6 1254 
II 150.9 -11.2 1253 
III 149.9 -13.1 1252 
Spectra recorded for CC1 2D 2 solutions at 
298 K. 
Table 3.3 	Ions Observed in the Mass Spectra of 
MO (CO) [(PF 20)C 6 H 4 (OPF 2 ) ]Mo (CO) 
Ligand I II III 
[M] 718 (50) 718 (100) 718 (93) 
[M-CO) 690 (20) 690 (4) N.O. 
[M-2CO] N.O. 662 (23) 662 (10) 
[M-3CO] 634 (29) N.O. N.O. 
[M-4CO) 606 (7) 606 (33) 606 (20) 
[M-5CO] 578 (32) 578 (94) 578 (78) 
[M-6CO] 550 (100) 550 (61) 550 (100) 
[M-7CO] 522 (50) 522 (39) 522 (33) 
[M-8CO] 494 (57) 494 (29) 494 (55) 
[M-9CO) 466 (50) 466 (19) 466 (18) 
[M-10001 438 (25) 438 (42) 438 (60) 
N.O. = not observed 
In each case the mass of the peak corresponding to 
2x 96 M in each group is given. 
Values in parenthesis are the relative abundance of 
each group. 
-'* 
3.3 	Mixed Metal Complexes of Meta- and Para- 
22-!c64 (OPF2) 
The reactions of the ligands (PF 2 O)C 6 H 4 (OPF 2 ) (II and 
III) to yield mixed metal complexes of the type 
W(CO) 5 [(pF 2O)C 6 H 4 (OPF 2 )]Mo(CO) 5 are summarised in reaction 
schemes A and B. 
e.___--- , 
HO OH 	 KD OH  
Iv 
[M (CO) 5 1] 
M(CO)S[PF2O©OP1F] 	S(PF2)2 M(CO)5[PF2O©OH] 
M=Mo (IX) , M=W (X) 	 M=Mo (VII) , M=W (VIII) 
[M' (CO) 5 11 














M=Mo (XV), M=W (XVI) 
[M' (CO) I] - 
V 
OP'F 
M(CO) 5 [PF 2O 





[M (CO) 5 1] 
OH 
M(CO) 5 [PF 2O] 
M=Mo (XIII) , M=W (XI) 
The n.m.r. parameters for compounds IV and VII to XVII 
are detailed in Table 3.4. 	For the difluorophosphine group 
31 coordinated to the molybdenum, the P chemical shift was 
moved to high frequency by Ca. 40 ppm, with respect to the 
free ligand value. In the case of the tungsten coordinated 
difluorophosphine group, the 31 P chemical shift was moved to 
high frequency by ca. 15 ppm with respect to the free ligand. 
The 19 F chemical shifts moved to higher frequency by ca. 
30 ppm, with 
7an associated decrease in 1pF  of ca. 70-90 Hz, 
on coordination to either molybdenum or tungsten. For the 
Table 3.4 	N.m.r. Parameters for Mixed Metal Complexes and Precursor Compounds 
Compound 6P/ppm oF/ppm OP'/ppm OF'/pprn 1 JPF/Hz 1 JPIF , /Hz 	Jpw/Hz 2JFw/Hz 
IV 110.7 -45.5 1321 
XII 111.0 -44.2 1327 
VII , 	 153.0 -14.9 1246 
XIII 152.4 -14.0 1251 
Ix 150.8 -13.6 109.8 -45.0 1250 1329 
XV 150.6 -12.8 108.9 -44.3 1253 1332 
U, 
VIII 126.8 -16.2 1227 495 30 
XI 125.5 -14.2 1231 495 30 
X 125.1 -15.7 108.9 -44.9 1230 1327 495 30 
XVI 124.9 -15.3 109.1 -44.8 1232 13.32 495 30 
ia 124.5 -15.8 147.3 -13.6 1230 1252 475 30 
124.1 -15.2 149.9 -13.3 1230 1252 470 30 
Spectra recorded for CC1 2D 2 solutions at 298 K. 
a 	for' compounds XI and XVII 	P and F 	refer to the PF2 group bound to tungsten 
while P' and F' 	refer to the PF 2 group bound to molybdenum. 
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tungsten bound difluorophosphine groups the relative 
magnitudes of 1 J and 2FW 
 are consistent with the ligands
PW 
coordinating to tungsten via the phosphorus. The proposed 
structures of the mixed metal complexes (XI and XVII) were 
confirmed by mass spectroscopy. The mass spectra show the 
parent ions {W(CO) 5 [(PF 2O)C 6H 4 (OPF 2 )]Mo(CO) 5 } 	with sub- 
sequent and sequential carbonyl loss (Table 3.5). 
The initial reaction step in both schemes A and B gave 
a-60% yield of the desired products (PF 2O)C6H4 (OH) (IV and 
XII). The remaining 40% consisted of equal amounts of the 
bis-difluorophosphine ligands (II and III) and unreacted 
diol. This product distribution pattern was repeated for 
each subsequent reaction step, such that the final product 
mixture consisted of 60% of the desired mixed metal complex 
(XI, XVII), with 20% each of the dimolybdenum and ditungsten 
complexes. 
It was not possible, using solvent extraction tech-
niques to isolate the mixed metal complexes from the other 
complexes present. The mixed metal complexes were not 
thermally stable in solution and decomposed after 12 hours 
at room temperature. 
3.4 
	
Reactions of Meta- and Para-(PF 2O)C 6 H4 (OPF 2 ) with 
Molybdenumnorbornadienetetracarbonyl 
The reactions of meta- and para-(PF 2O)C 6H 4 (OPF 2 ) with 
Mo(nbd) (CO) 4 were studied by n.m.r. spectroscopy. The 
reaction of meta-(PF 2O)C 6H4 (OPF 2 ) with Mo(nbd) (CO) 4 yielded 
two products, both of which exhibited 	type resonances 
in the 31  P and 19 F n.in.r. spectra. Both products had 
almost identical n.m.r. 
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Table 3.5 Ions Observed in the Mass Spectra of 
{w(co[(PF 2o)c6 (OPF2 )]Mo(CO) } 
Complex 	XI 	 xvii 
[Ml 805 (100) 805 (100) 
[M-CO] 777 (6) 777 (6) 
[M-2CO) 749 (21) 749 (28) 
[M-3CO]. 721 (14) 721 (61) 
[M-4CO] 693 (57) 693 (61) 
[M-5CO] 665 (100) 665 (89) 
[M-6CO] 637 (46) 637 (75) 
[M-7CO] 609 (53) 609 (64) 
[M-8COJ 581 (64) 581 (67) 
[M-9CO] 553 (43) 553 (19) 
[M-1000] 525 (64) 525 (36) 
Values in parenthesis are the relative abundance 
of each group. In each case the mass of the 
peak corresponding to 96  MO + 183W in each group 
is given. 
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parameters with 5P Ca. 149 ppm, SF Ca. -12.5 ppm and 
PF = 1250 Hz (Table 3.6). 	The higher frequency resonance 
was the most intense by a factor of three. The 31 P n.m.r. 
spectrum for this reaction is very similar to that observed 
for the reaction of (PF 2 )O(CH 2 ) 60(PF2 ) with Mo(nbd) (CO) 4 
(Chapter 2). This implied that the major product was 
{Mo(CO) 4 ((PF2O)C 6 H4 (OPF2 )]} 2 (XVIII) and that the minor 
product could be assigned as {Mo(CO)4[(PF2O)C6H4(OPF2)]}x 
(XIX), where X3, rather than the monomeric species which 
would have significantly different n.m.r. parameters to 
those found for the products. This reaction is summarised 
below in Equation 6. 
OPF 2 
PF 2O 	+ Mo(nbd)(CO) 4 
[ 
OPF 
PF2O' 	I + nbd 	(6) 
x = 2 (XVIII) , 	x 	3 (XIX) 
Mass spectroscopy showed that the parent ion corresponded to 
the dimeric species {Mo(CO) 4 [(PF 2O)C6H4 (OPF 2 )]} 2 (Table 3.7). 
No ions derived from the monomeric complex - 
{Mo(CO) 4 [PF 20)C6H4 (OPF 2 )]} were observed. It was not 
possible to observe the parent ion for the 'oligomeric' 
species (XIX) because of the operating limits of the mass 
spectrometer. The oligomeric assignment is therefore 
tentative. 
The reaction of para-(PF 2O)C6 H4 (OPF 2 ) with Mo(ribd) (CO) 4 
yielded four products, three of which were soluble in 
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Table 3.6 	N.m.r. Parameters for 
{Mo (CO) [(PF20)C6H4 (OPF2)]}X 
Complex SP/ppm 5F/ppm 1JPF/Hz 2 JPP,/Hz 31PFt /HZa 
XVIII 149.8 -12.3 1250 54 3 2 
XIX 149.5 -12.5 1250 53 4 
XX 150.2 -12.4 1251 54 4 2 
XXI 149.8 -12.6 1250 47 3 
xxii 151.5 -8.9 1248 46 4 
Spectra recorded for CC1 3D solutions at 298 K. 
a 	the sign of this coupling is opposite to that for 
69 
PF 
Table 3.7 	Ions Observed in the Mass Spectra of 
{MO(CO) 1(PF 22)C 6 H4 (0PF 2 ))} 2 
Complex XVIII XX 
[M] 908 (27) 908 (100) 
[M-CO] N.O. N.O. 
[M-2CO] 852 (8) 852  
[M-3CO] N.O. 824 (10) 
[M-4CO] 796 (6) 796 (47) 
[M-5Co] 728 (21) 728 (13) 
[M-6CO] 740 (15) 740 (21) 
[M-7CO] 712 (100) 712  
[M-8COY 684 (12) 684 (42) 
N . O. = not observed. 
Values in parenthesis are the relative abundance 
of each group. 
In each case the mass of the peak corresponding 
to 2x 96 M in each group is given. 
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CC1 3D, and one which precipitated out. The solid product 
was insoluble in all common solvents and was most probably 
a polymeric complex of the type {Mo(CO) 4 [(PF 2O)C6H 4 (OPF 2 )]}. 
The three soluble products exhibited' 22  resonances in 
31 	19 the 	P and F n.m.r. spectra. All these soluble complexes 
had very similar n.m.r. parameters with 31  P and 19F chemical 
shifts of ca. 149 ppm and Ca. -12 ppm respectively, and 
PF coupling constants of Ca. 1250 Hz (Table 3.6). By 
comparison to the results obtained for the reaction of 
meta-(PF 2O)C6H 4 (OPF 2 ) with Mo(nbd) (CO) 4 , the resonance with 
SP = 150.2 ppm was assigned as the dimeric complex (XX) 
and the other two species were tentatively assigned as 
oligomeric complexes (XXI and XXII) [Equation 7]. 
PF 2O ' OPF 2 + Mo(nbd)(CO) 4 
[
MO(CO) 	PF2O©OPF2] + nbd (7) 
11 
.
x = 2 (XX) x 	3 (XXI and XXII) 
The mass spectra of the soluble sample showed a parent ion 
corresponding to {Mo(CO) 4 [(PF 2O)C 6 H4 (OPF 2 )]} 	(Table 3.7) 
The presence of ions whose isotope distribution pattern 
corresponded to a fragment with 3 molybdenum atoms present 
were also detected. In an attempt to obtain a better yield 
of the dimeric complex (XX), the experiment was repeated with 
the reactants highly diluted in 15 cm  of CC1 3H. A pale 
yellow solution was obtained, with no solids present. 
However, when this solution was concentrated a polymeric 
complex precipitated out. It would appear that the dimeric 
complex (XX) is less stable than oligomeric or polymeric 
complexes. 
From the results presented in this and the previous 
chapter, it can be postulated that the greater the distance 
between the PF 2 groups, and the less flexible the chain 
separating them, then the greater the probability that 
polymeric complexes will be formed for the ligands reaction 
with Mo(nbd) (CO)4. 
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CHAPTER 4 
REACTIONS OF THE LIGANDS (PF 2 )S(CH 2 )S(PF 2 ) AND 
WITH {Ru[p -MeC6H4CH(Me)2)CL2}2 
Introduction 
Many difluorophosphine complexes of chromium, molybdenum 
and tungsten have been reported, 
1,38,55  and a wide range of 
ligands have been used to prepare such complexes. However 
relatively few complexes of the Platinum metals are known, 
with the reported examples limited to complexes of PF 3 or 
alkylaminodifluorophosphines. 
1,38,50,51,55 [Ru(p-cymene)C1 2 ] 2 
([Ru(pcy)C1 2 ] (I) was chosen as a suitable complex for 
reaction with (PF 2 )Y(CH 2 )Y(PF2 ) I Y = O,S, because of the 
ease with which the chlorine bridges can be cleaved by 
tertiary alkyl phosphines [Equation 11. 83-85 
Cl Ru( 	Ru , 4' , 
I 
[Ru(pcy)C1 2 ] 2 + 2PR3 	 2Ru(pcy)C1 2 (PR 3 ) 	(1) 
I 	 R=Alkyl 
One reaction of particular relevance to this study, is the 
reaction of the biphosphine PPh 2 (CH 2 ) 4 PPh 2 with the related 
85 [Ru(benzene)C1 2 ] 2 to yield the bridged complex (II).  
M 
Cl 
T>c1 \I *- 
Ru 	 Ru 
I I 
PPh 2 (CH 2 ) 4 PPh 2 
II 
It was hoped that the ligands (PF 2 )O(CH 2 )O(PF2 ) and 
(PF 2 )S(CH 2 )S(PF 2 ) (n=3-6) would react in an analogous 
manner. 
4.1 	Reactions of (PF 2 )S(CH 2 )S(PF 2 ) with 
[Ru (p-cymene) Cl 2 ] 2 
The reactions of (PF2 )S(CH2 )S(PF 2 ) (n=3-6) with 
[Ru(pcy)C1 2 ] 2 were followed by 
31  P and 19 F n.m.r. spectro-
scopy. Although the (PF 2 )S(CH 2 )S(PF 2 ) and [Ru(pcy)C1 2 ] 2 
were reacted in varying ratios, as detailed in experimental 
section 8.6.1, only one metal complex product (III) was 
detected by 31 P and 19 F n.m.r. spectroscopy [Equation 21. 
(PF 2 )S (CH 2 )S(PF 2 ) + [ Ru(pcy)C1 2 1 2 
	
on 
n = 3-6 	
Cl 	 Cl 
ci\ ,II1JJ 
Ru 	 Ru 	 (2) 
(PF 2 )S(CH 2 )S (PF 2 ) 
III 
The 31 P chemical shift moved to lower frequency on metal 
complex formation, from Ca. 235 ppm to Ca. 196 ppm, with an 
associated reduction of Ca. 70 Hz in the value of 
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The 19F chemical shift moved to higher frequency on formation 
of metal complexes, from Ca. -68 ppm to ca. -40 ppm (Table 
4.1). The 31 P n.m.r. spectrum of the product (III) was a 
simple triplet, which suggests that only one PF 2 'group was 
coordinated to ruthenium, since two or more PF 2 groups would 
give rise to a more complex n.m.r. spectrum. 
The 1 H n.m.r. spectra of the products were indicative 
of p-cymene still coordinated to the ruthenium. 61  The n.m.r. 
evidence is consistent with cleavage of the chlorine 
bridges and coordination to ruthenium at one metal site. 
The metal complexes are not thermally stable, and 
decomposed with the precipitation of a polymeric orange 
solid and evolution of PF 3 . It was not possible to obtain 
13 C n.m.r. spectra of the metal complexes (III) because the 
time required for the n.m.r. experiment was greater than 
the compounds room temperature life span. In view of the 
unstable nature of these complexes it was decided that no 
further work should be conducted on them in order to 
concentrate on other areas of work. 
4.2 	Reactions of (PF 2 )O(CH 2 )O(PF 2 ) with [Ru(pcy)Cl 2 ] 2 
The reactions of (PF2 )O(CH 2 )O(PF 2 ) (n=3-6) with 
[Ru(pcy)C1 2 ] 2 were followed by 31 
	19 P and 	F n.m.r. spectroscopy. 
The expected reactions are summarised in Equation 3. 
Cl 	Cl 	' 
(PF 2 )O (CH 2 )O(PF2 ) + [Ru(pcy)C1 2 ] 2 
/.-Cl Cl \ 
(PF 2 )O(CH 2 )O(PF 




Table 4.1 	N.m.r. Parameters for 
Ru(pcy)Cl 2 [(PF 2 )Y(CH 2 )Y(PF 2 )]Ru(pcy)C1 2 
y 	n 	oP/ppm 
S 	3 196.6 
S 	4 196.9 
S 	5 197.0 



























Spectra recorded for CC1 2D 2 solutions at 
300 K. 
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The 31 P chemical shift and 1 1PF coupling-constant for the 
product complex (IV) showed little variation from the 
parameters for the free ligand, with SP Ca. 115 ppm and 
PF 
ca. 1292 Hz (Table 4.1). However the 19 F chemical 
shift for the coordinated ligand differed significantly 
from the free ligand value, ca. -33 ppm and ca. -48 ppm 
respectively. The 1 H n.m.r. spectra of the reaction 
mixtures showed two different types of p-cymene resonances, 
in both cases the p-cymene was bound to ruthenium. 61  One 
set of p-cymene resonances were assigned to unreacted 
[Ru(pcy)C1 2 1 2 by virtue of their chemical shifts, 
85  the 
other set of resonances were to slightly higher frequency. 
These resonances were tentatively assigned as belonging to 
the product complex (IV). 
The two complexes in each sample were separated by 
column chromatography, using activated silica as the support 
and methylene chloride as the eluant. The mixture separated 
quickly into two bands, a yellow band and a faster eluting 
orange band. A clean separation of the compounds was 
achieved by this method. N.m.r. spectroscopy of the two 
bands identified the orange band as unreacted [Ru(pcy)Cl 2 ] 2 , 
while the yellow band was identified as the species 
tentatively assigned as IV (Table 4.2). 
It was not possible, on the basis of the n.m.r. data 
alone, to say how the ligands (PF 2 )O(.CH 2 )O(PF 2 ) were 
coordinated to the ruthenium. The 
31  P,  19  F and 1 H n.m.r. 
evidence appears to be contradictory. It would appear from 
the 31 P n.m.r. spectra that no reactions have occurred, 
while the 19F and 1 H n.m.r. spectra for the reaction products 
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Table 4.2 1 H N.m.r. Parameters for 
Ru(pcy)C1 2 [(PF 2 )O(CH 2 )O(PF 2 )]RU(PCY)Cl 2 
n 3 4 5 6 [Ru(pcy)C1 2 ] 2 
oH/ppm 2.16 2.18 2.17 2.18 2.11 
OHb/ppm 1.20 1.21 1.20 1.19 1.23 
OH/ppm 2.82 2.82 2.83 2.82 2.80 
OHd/ppm 5.84 5.81 5.83 5.83 5.50 
OHe/ppm 5.59 5.55 5.58 5.57 5.26 
6.9 6.9 6.9 6.8 6.9 
HaHb 
/Hz 6.4 6.4 6.4 6.4 6.2 
HdHe 
Spectra recorded for CC1 2D 2 solutions at 300 K. 
Labelling used for p-cymene resonances. 
CH 3a 
0 
H 3 C b 	C b H  3 
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are significantly different from those of the free ligarids 
and [Ru(pcy)C1 2 ) 2 . However, by comparison with the reactions 
of these ligands with other metal complexes, it is probable 
that the ligands are coordinating to ruthenium via the 
phosphorus atoms. 
The yields of the separated difluorophosphine complexes 
were low, Ca. 20% for n=3,5 or 6. However for n=4 there was 
sufficient pure material to grow crystals. After several 
unsuccessful attempts, crystals suitable for an X-ray 
crystal structure determination 
89  were grown, from a 
saturated CC1 2 H2 solution layered with 60-80 petroleum ether. 
The structure (Figure 4.1) clearly shows the ligand coor-
dinated to the six coordinate ruthenium via the phosphorus. 
The methylene chain bridging the two PF 2O groups is highly 
disordered, and was only eventually found from the Fourier 
difference map. The two most probable positions for the 
methylene chain are shown in Figure 4.1, but it is likely 
that there are other conformations possible for the chain 
given the high degree of disorder. The two Ru(p-cymene)C 2 (PF 2O) 
fragments are well defined and are related by a centre of 
inversion. The methylene chain does not obey the centre of 
inversion. The main structural parameters are listed in 
Table 4.3. 
4.3 	The Reactions of PF 2SEt and Meta-(PF 2O)C6 H4 (OPF 2 ) 
with [Rh (C 5Me 5 )C1 2 ] 2 
[Rh(C5Me 5 )C1 2 ] 2 was chosen as a suitable candidate for 
reaction for two major factors. First, [Rh(C 5Me 5 )Cl 2 1 2 has 
a similar reactivity to [Ru(pcy)C1 2 ] 2 , with the chlorine bridges 
Figure 4.1 The X-ray Crystal Structure of 
Ru (p-cyniene) Cl 2 I (PF2 )O (CR 2 ) 4 0 (PF2 ) ]Ru(p-cYmefle)C12 
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Table 4.3 Selected Structural Parameters for 
Ru(p-cymene)C1 2 [(PF 2 )O(CH2)40(PF2)lRu(P -cymene)C 1 2 
Distance I pm 
Angle I 
RuP 223 (3) 
RuC1(1) 238 (2) 
RuC1(2) 239 (2) 
PF(1) 157 (5) 
PF(2) 147 (6) 
P0 158 (6) 
C1RuC1 87 (0.6) 
C1RuP 81 (0.8) 
RuPF(1) 118 (2) 
RuPF(2) 110 (2) 
RuPO 110  
FPF 94  
FPO 110 (3) 
.: 
being readily cleaved by tertiary alkyl phosphines. 87 ' 88 
Secondly, rhodium has one stable isotope of 100% abundance 
( 103 Rh) with nuclear spin I=, therefore the mode of ligand 
coordination to rhodium would be evident from the relative 
magnitudes of the 
103  Rh coupling constants to phosphorus 
and fluorine. 
a. 	The Reaction of PF 2SEt with [Rh(C 5Me 5 )C1 2 ] 2 
The reaction of PF 2SEt with [Rh(C 5Me 5 )C1 2 ] 2 was followed 
by 31  P and 19F n.m.r. spectroscopy. The reaction is 
summarised in Equation 4. 
2PF 2 SEt + [Rh(C5Me5)Cl2]2 	- 2Rh(C 5Me 5 )C1 2 [PF 2SEt] 	(4) 
V 
The 31 P n.m.r. spectrum of the product (V) consisted of a 
large triplet 	of doublets 1PRh' with a 31 P chemicalPF 
shift of 201.3 ppm. The 19 F n.m.r. spectrum consisted of a 
large doublet 	of doublets 2FJ' with a 19F chemicalPF 
shift of -50.5 ppm. In contrast with the results previously 
found for Mo(CO) 5 [(PF 2 )S(CH2 )S(PF2 )]MO(CO) 5 and Mo(CO) 4 (PF 2SEt)2, 
where 1pF 
 decreased in magnitude on metal coordination, 
PF increased in magnitude from 1261 Hz, for the free ligand, 
to 1293 Hz, for the rhodium coordinated ligand. The n.m.r. 
parameters for the product V are listed below. 
5P 201.3 ppm, oF -50.5 ppm, 1PF 
 1293 Hz, 1 1 PRh  230 Hz, 
FRh 11.2 Hz, OHM  1.75 ppm, 4 1 PH:  6.5 Hz 
me 
The relative magnitudes of the 1 1 	 and 2 1 	 couplingPRh 
constants are characteristic of the ligand coordinating to 
rhodium via the phosphorus atom. The 2 FU value is within 
M. 
the range expected, 101 and is significantly smaller than 
common 1 J FRh values. 101 However, the 1 1 	 value is muchPRh 
greater than normal, 81-150 Hz, 
101  for this parameter. 
Although the cause of this high value is unclear, it may 
be associated with the factors responsible for the unusually 
large 1 1 PF 
 value. 
The Reaction of Meta-(PF 2O)C 6 H4 (OPF 2 ) with 
[Rh (C 5Me 5 )C1 2 ] 2 
The reaction of meta-(PF 20)C 6H 4 (OPF 2 ) with [Rh(C 5Me 5 )Cl 2 ] 2 
is summarised in Equation 5. 
Meta- (PF 2O)C 6 H4 (OPF 2 ) + [Rh (C 5Me 5 )Cl 2 ] 2 
Rh(C5Me5)C12[Meta-(PF2O)C6H4(OPF2)lRh(C5Me5)Cl2 	(5) 
VI 
The 31  P n.m.r. spectrum of the product VI consisted of a 
triplet 1PF 
 of doublets 1pRh' with a 31 P chemical 
shift of 111.0 ppm. The 19 F n.m.r. spectrum consisted of a 
doublet 	of doublets 	FRh' with a 19 F chemicalPF 
shift of -38.7 ppm. In common with the reaction of PF 2SEt 
with [Rh(C 5Me 5 )Cl 2 ] 2 , the magnitude of 
1  1 PF 
 for the rhodium 
coordinated meta-(PF 2O)C 6H 4 (OPF 2 ) is greater than that for 
the free ligand. The n.m.r. parameters for the complex VI 
are listed below. 
tSP 111.0 ppm, tSF -38.7 ppm, 
1  1 PF  1377Hz, 
	i pRh  270 Hz, 
FRh 16 Hz, tShlMe  1.67 Hz, 	PH Me6 Hz. 
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4.4 	Discussion of N.m.r. Parameters for Difluoro- 
phosphine Transition Metal Complexes 
When difluorophosphine ligands coordinate to a metal, 
the 31 P and 19 F chemical shifts for the complex are generally 
different to those of the free ligands. 2 The magnitude and 
direction of these shifts are dependent upon the system 
being considered. Generally, the absolute magnitude of the 
PF coupling constant is decreased by Ca. 10-150 Hz upon 
coordination to a transition metal. This can be understood 
in terms of a decrease in the S character of the hybrid 
orbitals involved in forming the a bond to the metal. 
The (PF 2 )Y (CH 2 )Y(PF 2 ) (Y=O,S) and (PF2O)C6H 4 (OPF 2 ) 
complexes of molybdenum and tungsten obey these general rules. 
The (PF 2 )S(CH 2 )S(PF 2 ) complexes of ruthenium also obey these 
general rules, however the complexes Ru(pcy)C 1 2[(PF2)O(CH2) n_ 
O(PF2 )]Ru(pcy)C1 2 do not. In particular the 'PF  coupling 
constants for the free ligands and coordinated ligands are 
essentially equivalent. The rhodium complexes (V and VI) 
exhibit significant increases in 1PF 
 over the free ligand 
values. 
If-the n.m.r. data for the above complexes is expressed 
in the forms 
= 31 chemical shift (complex) 
-.31  P chemical shift 
(free ligand) 
£SF = 19F chemical shift (complex) - 19 F chemical shift 
- 	 (free ligand) 
1 1 1 A i PF = I i PF'  (complex) 	 pF' (free ligand) 
then a common trend for the variations in the n.m.r. parameters, 




















[Mo(Cd) 5 1 2L 	[W(CO) 5 1 2L 	[Ru(pc)C1 2 ]L 	[Rh( 5Me 5 )C1 2 ]L 
Mo(CO) 4L2 
L = The ligands (PF 2 )Y(CH 2 ) Y(PF 2 ), Y=O,S, meta(PF 2O)C 6H4 (OPF 2 ) and 
PF 2SEt 
LI Oxygen bearing compounds 	 0 Sulphur bearing ligands 
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Previous studies on the complexes Ru(PF3)4H2, 92 
Rh(PF 3 ) 4 H, 93 and [RhC1(PF 3 ) 3 ] 2 94 show that the 1pF  values 
for the complex are lower than the free ligand value. The 
values of 31 P and 19F chemical shifts depend on a wide 
variety of factors, 95,96  including the nature of substituents, 
the bonding to substituents, the oxidation state and coordina-
tion number of the phosphorus. P-cymene and C 5Me 5 are both 
strong electron donating ligands. This may be responsible 
for the unusually large 1 1 coupling constants observed forPF 
these ruthenium and rhodium complexes (Ill-VI). It is 
however outwih the scope of this text to fully rationalise 
these effects, more to note their variation between the 




This chapter describes some speculative reactions which 
were conducted during the course of this study. These 
reactions were conducted in sealed n.m.r. tubes and for 
many of the reactions described, the only evidence as to the 
productts structure was obtained from the n.m.r. spectra of 
the reaction mixtures. Some of these studies are incomplete 
and would benefit from further study. 
5.1 	The Reaction of S(PF 2 ) 2 with HO(CH 2 ) 2 SH 
S(PF 2 ) 2 was reacted with HO(CH 2 ) 2 SH in equimolar and 
two fold excess portions. These reactions are described in 
equations 1 and 2. 
S(PF 2 ) 2 + HO (CH 2 ) 2SH 	- (PF 2 )O (CH 2 ) 2 SH+ PF 2HS 	 (1) 
2S(PF2 ) 2 + HO (CH 2)2SH 	- (PF 2 )O (CH 2 ) 2 S(PF 2 ) + 2PF 2HS 	(2) 
(II) 
These reactions were monitored by 31 P and 19 F n.m.r. spectro-
scopy. The n.m.r. parameters for compounds I and II are 
given below. 
Table 5.1 	N.m.r. Parameters for Compounds I and II 
tSP/ppm cSF/ppm cSP'/ppm tSF'/ppm 
1 PF 	1p'F /Hz  
(PF 2 )o(cH 2 ) 2sH 	 111.4 	-46.8 	 1.291 
(PF 2 )O(CH 2 ) 2S(P'F' 2 ) 	110.8 	-48.4 	233.4 	-67.8 	1294 	1261 
Spectra recorded for CC13D solutions at 300 K. 
The monodifluorophosphine species (I) is formed in 100% yield, 
because S(PF 2 ) 2 reacts very rapidly with alcohols, ca. 10 
-74- 
minutes. However the reaction of S(PF 2 ) 2 with thiols is very 
much slower, Ca. 8 hours in this case. The ligands I and II 
were not thermally stable and rapidly decomposed, in solution, 
at room temperature. For compound I there were many decom-
position products, with PF 3 being the only recognisable 
decomposition product. For compound II there were two major 
decomposition products observed in the 31 P n.m.r. spectrum, 
PF 3 and an unknown compound which exhibited a doublet with 6P 
= 194 ppm and 1 J PF = 1123 Hz. By comparison with the decom-
position products observed for (PF 2 )0(CH 2 ) 20(PF 2 ) and 
(PF 2 )S(CH 2 ) 2 S(PF2 ) (Chapter 2), the unknown decomposition 
product can be postulated as being the ring closure product 
(III) [Equation 31 
CH  0 
(PF 2 )O (CH 2)2S(PF2) 	 I 	- 	PF + PF 3 	 (3) 
CH  
III 
5.2 	The Reaction of S(PF 2 ) 2 with HOCH 2CCCH 2OH 
The reaction of a two fold excess of S(PF 2 ) 2 with 
HOCH 2CCCH 2OH was monitored by 31 P and 19F n.m.r. spectroscopy. 
The reaction proceeded as expected to yield the products 
(PF 2 )OCH 2CCCH 2O(PF 2 ) and PF 2HS. The prOduCt(PF 2 )OCH 2CCCH 20(PF) 
was characterised by multinuclear n.m.r. spectroscopy, the 
n.m.r. parameters are listed below. 
• 5P 111.7 ppm, oF -48.8 ppm, 1 J 	 1299 Hz, OH 4.7 ppmPF 
3PH 7 hz, 6C  50.4 ppm, 6C  81.3 ppm, 2 J CaP  2.8 Hz 
CaF 12.4 Hz, 4 J 
CbP 
 3.9 Hz 
Spectra recorded for CC1 3D solution at 300 K. 
-75- 
Labelling system used for carbon assignments 
(PF2)OCH2Cb 	CbCaH2O(PF2) 
The sample was retained for subsequent reaction with 
Mo(nbd) (CO) 4 . 
	
5.3 	Reactions of S(PF 2 ) 2 with Arabinose and Glucose 
The reactions of S(PF 2 ) 2 with -L(+) Arabinose and 
-D-Glucose were investigated. It was hoped that these 
reactions would prepare polydifluorophosphine compounds, which 
would be potentially useful as polydentate ligands. The 
expected reactions of S(PF 2 ) 2 with -L(+). Arabinose and 
-D-Glucose are summarised in equations 4 and 5 respectively. 
H
H I H + 4S(PF) 	 H H + 4PFHSc 22 2 O 	OH 	 F 2 PO 	 OPF 2  
HO 	H 	 F 2 PO 	H 
'V 
CH OH 	 CH OPF 
12 	2 
OPF 2 
OH 5S(PF 	 + 2)2 	 N 
HO 	 H 	 F2P01\or'F2 	HH 	
5PF2 HS 	(5) 
H 	 OPF 2 
V 
There is a potential subsequent reaction for compound (IV) 
with the elimination of PF3 to yield a closed ring fluoro-
phospholan species (VI) [Equation 61. 
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F 2PiKIIOOPF2 
F 2PO 	H 
IV 
H 
PF 3 	(6) 
1< 	>1 2 FP 
VI 
The results of the reactions of S(PF 2 ) 2 with these sugars 
are dealt with separately below. 
a. 	The Reaction of S(PF 2 ) 2 with -L(+) Arabinose 
The reaction of S(PF 2 ) 2 with .-L(+) Arabinose was 
31 	19 	 31 	19 followed by P and 	F n.m.r. spectroscopy- . The P and F 
n.m.r. spectra of the product are very complex and are shown 
in Figures 5.1 and 5.2 respectively. The approximate 31 P and 
19F n.m.r. parameters were consistent with the proposed 
product (IV), with SP ca. 111 ppm, 6F ca. -46 ppm and 1  1 PF  Ca. 
1300 Hz. The complex nature of the 31  P and 19 F n.m.r. spectra 
arises from the chiral nature of the carbons, in the molecules 
backbone, to which the OPF2 groups are bound. This causes 
the geminal fluorines in the difluorophosphine groups to 
become inequivalent and to give rise to second-order n.m.r. 
spectra. 
The 13 C Distortionless Enhancement by Polarisation 
Transfer .  (D.E.P.T.) n.m.r  spectrum of the product (Figure 5.3) 
exhibits four CH resonances with chemical shifts of 92.6 ppm, 
71.1 ppm and two overlapping resonances at 67.6 ppm and one 
CH  resonance with a chemical shift of 63.4 ppm. The CH 
resonances have triplet structures probably due to a 3CF 
coupling, with a value of 7 Hz. It was not possible to assign 
any of the CH resonances. The 13C n.m.r. spectrum also 
-J 
-J 
Figure 5.1 	The 31 P[H} n.m.r. Spectrum of Product for Reaction of S(PF 2 ) 2 with -L(+) Arabinose 
170 	160 	150 	140 	130 	120 	110 	100 
	





Figure 5.2 	The 19F[1H] n.m.r. Spectrum of the Product for the 
Reaction of S(PF 2 ) 2 with -L(+) Arabinose 
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Figure 5.3 	The 13C D.E.P.T. n.m.r. Spectrum of the Product 
for Reaction of S(PF2 ) 2 with -L(+) Arabinose 
I 	 I 	 v 	 I 	 I 	 I 	 -I--- 
110 100 90 80 70 60 50 	40 
ppm 
0 M6 
confirmed that only one species was present in solution. 
On the basis of n.m.r. evidence, the reaction product 
was tentatively assigned as species IV. No ring closure 
reaction [Equation 5) was observed. 
b. 	The Reaction of S(PF 2 ) 2 with -D-Glucose 
The reaction of S(PF 2 ) 2 with -D-Glucose was followed 
31 	19 	 31 	19 by 	P and 	F n.m.r. spectroscopy. The P and 	F n.m.r. 
spectra are very complex and are shown in Figures 5.4 and 
5.5 respectively. The 31 P and 19F n.m.r. spectra are 
significantly different in appearance to those observed 
for the previous reaction. 
spectra are very different 
the complex resonance sets 
reaction than the previous 
mate n.m.r. parameters are 
In particular the 19F n.m.r. 
The internal separations of 
are much greater for this 
example. However, the approxi-
similar, with oP Ca. 111 ppm, 
OF Ca. -45 ppm and 1  1 PF  ca. 1300 Hz. These n.m.r. 
parameters are consistent with the proposed product V. 
The complex nature of the 31  P and 19F n.m.r. spectra once 
more arises from the chiral nature of the carbons in the 
molecules backbone as described previously. 
The 3 C D.E.P.T. n.m.r. spectrum of the product 
(Figure 5.6) exhibits five CH resonances with chemical 
shifts of 91.4 ppm, 72.1 ppm, 68.9 ppm and two overlapping 
resonances at 64.7 ppm. All the non-overlapping resonances 
have triplet structures with a coupling constant of ca. 
8 Hz; it was not possible to resolve the overlapping reson-
ances. One CH  resonance was observed with a chemical shift 
of 59.3 ppm and a triplet coupling of 7 Hz. It was not 
-11 
co 
Figure 5.4 	The 31 P[ 1 H] n.rn.r. Spectrum of the Product for Reaction of S(PF2 ) 2 with -D-Glucose 
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Figure 5.6 	The 13  C D.E.P.T. n.m.r. Spectrum of the Product 
for Reaction of S(PF 2 ) 2 with -D-Glucose 
100 	90 	80 	70 	60 	50 
ppm 
EMM 
possible, with the exception of the CH  resonance to 
assign any resonance in the 13  C n.m.r. spectrum. 
On the basis of the n.m.r. evidence the product was 
tentatively assigned as the species V. 
The products of both reactions (species IV and V) were 
viscous liquids at room temperature. The potential poly-
dentate nature of these ligands were not investigated 
because of the difficulties in analysing the n.rn.r. spectra 
of the possible metal complexes. 
5.4 	The Reaction of (PF 2 )OCH 2CCCH 2O(PF2 ) with 
Molybdenumnorbornadienetetracarbonyl 
When (PF 2 )OCH 2CCCH 2O(PF 2 ) was mixed with Mo(nbd) (CO) 4 
at room temperature in CC1 3D, a chocolate brown precipitate 
formed rapidly. The 31 P n.m.r. spectrum of the remaining 
solution showed no free ligand, or any resonances which 
could be assigned to a metal complex. The air sensitive 
brown solid was found to be insoluble in all common solvents. 
It was concluded that the brown solid was a polymeric 
complex, possibly with (PF 2 )OCH 2CCCH2O(PF 2 ) ligands bridging 
the Mo(CO) 4 units. This result is consistent with the 
observations made in chapter 3 that the more rigid the 
backbone between OPF 2 groups in the ligand, then the greater 
the likelihood that polymeric complexes will be formed. 
5.5 	The Reactions of 2-Fluoro-1,3--dioxo-X 4_ 
benzophospholan with Molybdenurnnorbornadiene-
tetracarbonyl and N-Methylpyridinium 
molybdenumpentacarbonyliodide 
The two samples of 2-fluoro-1,3--dioxo-X 4 -benzophospholan 
(VII) used for the reactions with molybdenum complexes were 
those which had been previously prepared in the attempts to 
synthesise ortho-(PF 2O)C6 H 4 (OPF 2 ) [chapter 31. 
0 O\ P—F CO 
VII 
The results of these reactions are described below. 
a. 	The Reaction of 2-Fluoro-1 ,3-dioxo-X 4 -benzophospholan 
with Molybdenumnorbornadienetetracarbony:1' 
The reaction of the ligand VII with Mo(nbd) (CO) 4 , in 
CC1 3D, was followed by 31 P and 19 F n.m.r. spectroscopy, and 
is summarised in Equation 6. 




+ nbd 	(6) 
VIII 
The 31 P and 19 F n.m.r. spectra of the reaction product (VIII) 
were as expected for an 	spin system. The n.m.r. 
parameters were obtained from both 31 P and 19F n.m.r. spectra. 
The 31 chemical shift moved to higher frequency on metal 
complex formation from 123.5 ppm6° to 169.2 ppm and there 
was an associated reduction in the value of 1PF  from 
1303 Hz to 1268 Hz. The 19F chemical shift moved to higher 
frequency, from -37.0 ppm to -0.7 ppm, on formation of the. 
metal complex. It is apparent from the 3' P and 19 F n.m.r. 
spectra that two fluorophosphine groups, one from each 
ligand (VII), are bound to one molybdenum. The n.m.r. 
parameters for the metal complex VIII are listed below, 
tSP 169.2 ppm, 6F -0.7 ppm, 1PF  1268 Hz, 3pF'  1 Hz 
50 Hz 
Note - the sign of 
3°F' 
 is opposite to that of 
The identity of complex VIII was confirmed by mass 
spectroscopy which showed the parent ion at 524 a.m.u. 
(Table 5.2). 
b. 	The Reaction of 2-Fluoro-1 ,3-dioxo-X 4  -benzophospholan 
with N-Methylpyrid±nium molybdenumpentacarbonyl-
iodide 
The reaction of the ligand VII with [N-pm] [Mo(CO) 5 1], 
in CC12D2, 	 31 	19 was followed by P and 	F n.in.r. spectroscopy. 
The expected reaction is summarised in Equation 7. 
+ 
	
[N-mp] [Mo(CO) 5 1] 





Table 5.2 Ions Observed in the Mass Spectra of Complex 
VIII 
[Mo(CO) 4L 2 ] 524 (63) 
[MO (CO) 2L 2 ] 468 (23) 
[MoL 2 ) 412 (100) 
[Mo(CO) 3L] 338 (45) 
[Mo(CO) 2 L) 310 (50) 
In each case the mass of the peak corresponding to 96 M in 
each group is given. 
Values in parenthesis are the relative abundance of each 
group. 
L = Ligand VII. 
The reaction of the ligand VII with [N-mp] [Mo(CO) 5 I] yields 
two products, both of which exhibit doublets in their 31 P 
and 19F n.m.r. spectra. These complexes have similar n.m.r. 
parameters (Table 5.3), but are significantly different to 
those of the uncoordinated ligand. 71 
Table 5.3 	N.m.r. Parameters for Reaction Products 
major minor 
ÔP/ppm 159.8 153.6 
ÔF/ppm -2.3 -9.7 
PF 1266 1255 
The higher frequency doublet was the most intense by a factor 
of approximately two. The n.m.r. parameters and spectra for 
both compounds were consistent with one fluorophosphine group 
coordinating to molybdenum, at one metal site, via the phosphorus. 
When the reaction mixture was maintained at an elevated 
temperature of 313 K for two hours the major doublet increased 
in intensity while the minor doublet decreased by a correspond-
ing amount. No coalescence was observed. This process was 
irreversible with no return to the initial intensities on 
cooling to 278 K. One possible explanation for these observa-
tions is that two isomers (A and B) were initially present 
before heating. 
Co 









 N_~ P .1-11 0 /P 
CO 
(B) 
When the sample was heated it would appear that the more 
thermodynamically stable form increased in concentration 
at the expense of the less thermodynamically, but kinetically 
favoured, form-. Therefore the initial product mixture was 
determined by kinetics, while the final mixture was deter-
mined by thermodynamics. It was not possible to say which 
isomer, A or B, was the more thermodynamically stable. The 
identity of the complex IX was confirmed by mass spectro-
scopy (Table 5.4). 
5.6 	The Reaction of (PF 2 )S(CH 2 ) 3 S(PF 2 ) with 
[IrCi (cyclooctene) 2].2 
PF 3 reacts with [IrCl(cyclooctene) 2 1 2 by displacing 
the coordinatedc1,kenes to yield [IrCl(PF 3 ) 2 ] 2 . 97 ' 108 The 
ligand (PF 2 )S(CH 2 ) 3 S(PF 2 ) was chosen for reaction with 
[IrCl(cyclooctene) 22  because (PF 2 )S(CH 2 ) 3 S(PF 2 ) is more 
likely to chelate to the iridium than any of the longer chain 
ligands (Chapter 2). The desired reaction is summarised in 
Equation 8. 
(PF 2 )S(CH2 ) 3 S(PF 2 ) + [IrCl(cyclooctene) 2 1 2 
	
No 
{IrCl[(PF2)S(CH2)3S(pF2)] 2 + 2 cyclooctene 	(8) 
91 
However, when the ligand (PF 2 )S(CH 2 ) 3 S(PF 2 ) was mixed with 
[IrCl(cyclooctene) 2 , in CC1 3D, a purple precipitate was 
formed immediately. The remaining yellow solution was shown, 
by 1 H n.m.r. spectroscopy, to contain some unreacted 
[IrCl(cyclooctene) 2 ] 2 and free cyclooctene. 10° No free 
ligand or complex (X) were observed. The precipitate was 
insoluble in common solvents and was tentatively assigned 
•0 
Table 5.4 Ions Observed in the Mass Spectra for 
Complex IX 
[M) 394 (100) 
[M-2CO] 338 (70) 
[M-3CO] 310 (98) 
[M-4CO] 282 (94) 
[M-5CO1 254 (79) 
In each case the mass of the peak corresponding 
to 96 M in each group is given. 
Values in parenthesis are the relative abundance 
of each group. 
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as a polymeric complex. 
However, the reaction of (PF 2NMe) 2 C0 with 
[IrCl(cyclooctene) 2 ] 2 yields a partially soluble purple 
solid which has been assigned as {IrCl[(PF 2NMe) 2C0]} 2 108 
(XI) 




It is possible that the desired complex (X) may have been 
formed but is highly insoluble, rather than the polymeric 
species previously postulated. 
5.7 	Reactions of (PF 2 )Y(CH 2 )Y(PF 2 ) with 
Benzyltriphenylphosphonium Tetrachioroplatinate (II) 
The desired reactions are summarised below in Equation 9. 
(PF 2 ).S (CH 2 )s(PF2 ) + PtC1 4 2 —--{PtCl 2 [(PF 2 )Y(CH 2 )Y(PF2 )]} 2 (9) 
Y=S, n=3,6 	Y=o, n=3,4. 
The reactions of (PF 2 )Y(CH 2 )Y(PF 2 ) with tetrachioroplatinate 
(II) were monitored by 31 P n.m.r. spectroscopy. In each case 
on warming the reaction mixture to room temperature the 
initial pale pink solution rapidly precipitated out a pale 
pink solid. This solid coagulated leaving a pink solution. 
These precipitates were never identified. Upon shaking the 
mixture, a clear yellow solution was obtained. The 31 P n.m.r. 
of the yellow solutions exhibited broad triplets, with 
identical n.rn.r. parameters to those of the free ligands. 
No 195  Ptsatellites were observed. After 20 minutes at room 
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temperature a white precipitate and colourless solution was 
obtained. The 31 P n.m.r. spectra of the solutions showed 
only the presence of free ligand and some free benzyl-
triphenyiphosphonium. The white precipitates were found 
to be very air sensitive and decomposed after only a few 
seconds exposure to air. These white solids have been 
formulated as polymers due to their lack of solubility in 
common solvents. 
5.8 	The Reaction of S(PF 2 with [RuC1 2 (C 6 H 5 CO 2 H)] 2 
Hunter  99  has shown that S(PF 2 ) 2 reacts with malonic 
and oxalic acid to produce CH 2 (CO 2 PF 2 ) 2 and (CO 2 PF 2 ) 2 
respectively. The reaction of S(PF 2 ) 2 with [RuC1 2 (C 6 H 5CO 2 H)] 2 
was of interest because the carboxylic acid is already 
coordinated to a metal centre. The expected reaction can 
be summarised by Equation 10. 
2S(PF2)2 	
2 








O2PF2 	 JO2PF2 
Cl z "*,~ 
/ 
Ru 	 Ru + 2PF 2 HS 	(10) 
XII 
-9- 
Complexes of the type XII are of particular interest because 
of their potential as precursors for mixed metal complexes. 
The reaction of S(PF 2 ) 2 with [RuC1 2 (C 6H 5CO 2H)] 2 , in CC1 2 D2 , 
was followed by 31 P and 19 F n.m.r. spectroscopy. The 
orange-red colour of the solution increased with time. The 
31 n.rn.r. spectrum of the product was a triplet with 
'SP = 175 oom and 1 J. = 1374 Hz. The 19 F n.m.r. spectrum 
of the product was a doublet 1PF  with 6F = - 37.6 ppm. 
While there is no conclusive evidence, the n.m.r. parameters 
are consistent with the postulated complex XII. During 
attempts to isolate the product, this sample decomposed to 
give a brown insoluble solid. This solid has been tentatively 
formulated as a polymer due to its lack of solubility in 
common solvents. The complex XII may be stable enough in 
solution for reactions with other transition metal complexes. 
It was decided to leave the study of this reaction, in order 
to concentrate on the more fruitful areas of study. 
5.9 	The Reaction of S(PF 2 ) 2 with n 5 -1-Hydroxy- 
cyclohexadienyl (dimethyiphenyiphosphine) -.. 
(1 ,10-phenanthroline)ruthenium(II)-
hexafluorophosphate acetone solvate 98 
The expected reaction can be summarised by Equation 10. 
OPF 
S(PF 2 ) 2 + 	
OH 	
+ PF2 HS 	(10) 
1)h 2MeP/NN Ph2MePNj 
XIII 	 XIV 
N N = 1,10-phenanthroline 
-94- 
When the reaction mixture, in CC1 3D, was warmed to room 
temperature, a yellow precipitate formed rapidly. The 
31  P 
n.m.r. spectrum of the remaining solution consisted of the 
unreacted complex XIII and PF 2HS. No other resonances 
corresponding to any fluorophosphine species were observed. 
The yellow precipitate was found to be insoluble in common 
solvents. The nujol mull i.r. spectrum of the precipitate 
exhibits a characteristic PF stretching band at 835 cm- 1. 
No other significant bands were observed. The yellow 
precipitate was therefore tentatively assigned as a poly -
difluoophosphine. The mechanism of formation for this 





The electron diffraction apparatus used was the 
Cornell/Edinburgh apparatus. 109  The electron beam, produced 
by an electron gun and focussed by electromagnetic lenses, 
interacts with a fine stream of gas, from a nozzle, passed 
at right angles across the electron beam. Both the sample 
and the nozzle are maintained at room temperature, 295 K. 
The scattered image is then recorded photographically on 
Kodak Electron Image Plates. 
The resultant diffraction pattern consists of a series 
of concentric rings which are a combination of 4 types of 
scattering. These are coherent atomic scattering, inelastic 
atomic scattering, extraneous scattering and molecular 
scattering. The atomic scattering can be calculated and 
subtracted from the total intensity curve. The inelastic 
atomic scattering and extraneous scattering combine to form 
a background scattering, which can be subtracted as a 
smoothly varying curve to leave the structure-dependent 
component, the molecular scattering curve. 
Three sample plates are run at each nozzle-to-plate 
distance, 128 and 285 mm. Two benzene plates were recorded, 
at each distance, immediately before the sample plates. 
Since the structure of benzene is known, analysis of the 
benzene plates yields the nozzle-to-plate distances, and the 
electron beam wavelength for each plate. 
S . 
The tracing of the plates and conversion to electron 
density is done by the SERC Daresbury Laboratory using a 
Joyce Loebi MDM6 microdensitometer. 11° This is a computer-
controlled microdensitometer which traces the circular 
diffraction patterns and measures the electron intensity at 
integral multiples of Ls. 	This technique has the advantage 
that flaws on the plate can be ignored giving better data. 
The data contained in extreme regions of the molecular 
scattering intensity curves are not as reliable as those in 
other data regions. A weighting procedure is used which 
gives less weight to the lowest S values and highest s values 
of each data set (Table 6.1). 
The molecular scattering intensity curves are converted 
into radical distribution curves by Fourier Transformation. 
The radial distribution curve consists of a series of broad 
peaks centred at rijF the distance between atoms i and j. 
The area under a peak is proportional to 
fl u 
ij 
where n 1 is the multiplicity of the distance between atoms 
i and j,and z is the atomic number of atom i. The broadness 
of the peak is proportional to gii, the root mean square of 
the amplitude of vibration. Calculations were done on an ICL 
2972 computer at the Edinburgh Regional Computing Centre, 
using established data reduction 110,111  and least squares 
refinement programs- 112 ' 3 The method of refinement is least 
squares refinement. The program attempts to minimise the - sum 
of the squares of the differences between the experimental 
Table 6.1 	weighting Functions, Correlation Parameters, Scale Factors and Wavelengths 
Camera 	s s mm  sw1 Sw2 max s 	
Correlation Scale Wavelength 
Compound. 	Height (mm) -1 	
Parameter 	Factor, 	(pm) 
nm 
Para-(PF 20)C6H4 (OPF2 ) 128.4 4 60 80 300 324 0.0073 0.622(12) 5.706 
285.1 2 20 40 124 144 0.4451 0.726(11) 5.709 
Meta-(PF 20)C6 H4 (OPF 2 ) 128.4 4 60 80 300 324 0.0861 0.715(17) 5.704 
285.4 2 20 40 124 124 0.4351 0.795(13) 5.703 
(PF 2 )S(CH 2 ) 3 S(PF 2 ) 128.4 4 60 80 278 328 -0.4220 0.317 	(9) 5.700 
285.5 2 20 40 124 144 0.4810 0.388 	(6) 5.700 
PF 2 SEt 128.4 4 60 80 300 356 0.2424 0.685(24) 5.702 
285.3 2 20 40 124 144 0.3194 0.735(18) 5.701 
-J 
and theoretically calculated curves. The closeness of the 
fit between experimental and theoretical curves is expressed 
by an R factor, which is calculated at the end of each 
refinement. The complex scattering factors of Schafer et 
al. 114  were used in all calculations. 
The initial va1uesfor bond lengths, angles and 
amplitudes of vibration are usually obtained by comparison 
to similar compounds. A molecular model is used to describe 
the structure of the compound under study. Using this program 
it is possible to refine up to 20 independent parameters, 
amplitudes of vibration and scale factors. A general account 
of procedures in the electron diffraction study of gases has 
been given by Davis. 115 
S. 
6.1 	Structure Determinations 
6.1.1 	Determination of Twist Angles 
All the twist angles were determined by R factor loops. 
This procedure involved a series of refinements carried out 
with the twist angle set at values, in increasing increments 
of 15°, in the range 0_3600. Any minima observed in the 
plot of R factor versus angle were investigated further. 
The optimum value for the twist angle was found by a further 
series of refinements, based on the detected minima. A 
typical R factor plot is shown in Figure 6.1 
Figure 6.1 	R factor Plot 
R factor 
Angle 
In order to determine the conformation of the PF 2Y- moiety 
the PF 2y- twist was first determined by a R factor loop. 
For each of the best fit PF 2Y twist angles a R factor loop 
was conducted for the PF 2 twist, again a series of minima 
were detected from the R factor plot. The procedure yielded 
a number of possible conformations. Some conformations could 
be discounted because of non-bonding interatomic distances 
that were too short to be possible. The remaining conformations 
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were each refined for several more cycles before the 
conformation with the best R factor was selected. This 
conformation was used in all subsequent refinements. 
It should be noted that this method was used to 
simplify the structural solution. A more realistic solution 
would be obtained if the refining structure was allowed to 
have several simultaneous conformations. This solution was 
beyond the scope of the work presented in this thesis. 
In the case of (PF 2 )S(CH 2 ) 3 s(PF 2 ) a CH 2 SPF 2 twist was 
also determined in a similar manner to that described above. 
For meta- and para-(PF 2O)C 6H 4 (OPF 2 ), both the PF 2O 
moieties were allowed to rotate independently with no 
symmetry constraints applied. This meant that all possible 
combinations of the two PF 20 conformations had to be 
investigated. A league table of R factor results was 
established, the conformation with the lowest R factor being 
used in all subsequent refinements. 
6.1.2 	Benzene Rinq Distortions 
It has been experimentally determined 124,125 by X-ray 
crystallography that when electron-withdrawing substituents 
are bound to a benzene ring then geometrical angular distor-
tions occur. The total distortion can be described by three 
separate but simultaneous distortions. 125 
- The first distortion involves a change of internal angle 
• 	at the C 	 and Cortho  positions. The internal angles atipso 
Cmeta and  Cpara experience minor changes only. There is an 
associated simultaneous decrease in the C. 	-C 	bond ipso ortho 
length. It has been demonstrated that the magnitude of this 
-101- 
distortion increases with an increase in the electronegativity 
of the substituent. 
The second distortion alters the internal angles at the 
Cmeta and  Cpara  positions. This distortion is purely angular. 
The magnitude of the distortion is related to the ii acceptor/ 
donor ability of the substituent. 
The third distortion is a simultaneous increase or decrease 
in the average C-C bond length. The magnitude of this distor-
tion is also related to the electronegativity of the substituent. 
It was assumed that the benzene ring remains planar, all 
angular distortions occurring at internal angles. For multi-
substituted benzene rings it has been demonstrated that the 
angular distortions have an additive effect. 
Numerical values for the angular ring distortions were 
124 
derived from a study of C 6H 5 F. 	The molecular parameters 




Angle (°) 	 Bond length (pm) 






118.01 	 C o m -C 
139.9 
- 	120.80 	 C m p -C 	
140.0 
120.10 
From these results the distortion contributions for fluorine 
could be calculated. These are shown below 
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Angle (°) 	 Bond length (pm) 
+3.4 	 C-00 	 +. 	1.7 
-2.0 	 Co_Cm 	+. 	2.9 
y 	+0.8 C-C 	+ 3.1 m  
6 	+0.1 
Because fluorine and the PF 2Y- group have different electro-
negativities a deformation variable, which could be indepen-
dently refined, was introduced. The distortions observed for 
fluorobenzene were then scaled accordingly. Therefore a 
series of equations were constructed to describe the distortions 
for mèta- and para-(PF 2O)C6 H4 (OPF 2 ) and were used in the 
structure determinations. 
6.2 	Structure Refinements 
6.2.1 	Refinement of the PF.) SEt Structure 
The structure of PF 2SEt was described by a model which 
assumed local C symmetry for the PF 2S group while the CH 2 CH3 
group had a staggered conformation. The geometry was defined 
by five bond lengths, .sixvalence angles and three torsional 
angles. The PF2 twist was defined as zero when the bisector 
of the FPF angle was syn to the S-C bond. The PF 2 S twist angle 
was defined as zero for an anti C-C-S-P arrangement. The CH  
twist angle was defined as zero for a staggered CH 2CH3 
conformation. 	 - 
With this model it was possible to refine the five major 
parameters, bond angles, torsion angles and some associated 
amplitudes of vibration. The conformation of the molecule was 
determined (Figure 6.2) as described in section 6.1.1. With 
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Figure 6.2 	Perspective View of PF2SEt 
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this model the parameters in Table 
an R factor (RG)  of 0.118. 
The radial distribution curve 
peaks associated with C-H, P-F, CH 
The peak at ca 240 pm contains the 
with some minor contributions from  
6.2 were obtained, with 
(Figure 6.3) shows clear 
and P-S bonded distances. 
F----F non bonded distance 
F---H and S --- H. The 
next peak at ca 300 pm includes P---C, P---H, F---S and 
F---C components. The outer region of the radial distribution 
curve contains contributions from P---H, F---C and F---H 
distances which depend upon the conformation of the molecule. 
The observed and final difference molecular scattering 
curves are shown in Figure 6.4. The correlation matrix is 
given in Table 6.3. 
6.2.2 	Refinement of the (PF 2 )S(CH2 ) 3 S(PF 2 ) Structure 
The structure of (PF 2 )S(CH 2 ) 3 S(PF 2 ) was described by a 
model which was constrained to C 2 symmetry, in order to - 
simplify the structural solution. The geometry was defined 
by five bond lengths, seven valence angles and three 
torsional angles. The PF 2 twist was defined as zero when 
the bisector of the FPF angle was syn to the S-C bond. The 
PF2S twist was defined as zero for a syn C-C-S-P arrangement, 
while the CH 2 SPF 2 twist was defined as zero for a fully 
staggered -CH 2CH2CH 2 - conformation. 
It was apparent from an early stage in the ref in bement 
that the sample was not pure but contained a significant 
amount of PF 3 . The presence of the PF 3 was compensated for 
by increasing the multiplicities of the P-F and F---F 
distances. A more sophisticated technique was not employed 
because of the lack of time available. 
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Table 6.2 	Molecular Parameters   for PF.-SEt 
(a) Independent distances 
Distance (pm) 
r 1 P-F 158.8 (2) 
P-s 208.5 (4) 
	
r 3 s-c 	 182.7 	(9) 
C-C 	 1530b 





3.3 c  
6.8 (12) 
(b) Independent angles 	(°) 
a 1 F-P-F 96.0  
a 2 F-P-s 101.1 (3) 
a 3 P-S-C 100.6 (7) 
a4 s-c-c 108.2 (9) 
a 5 H-C-H 108.0 b 
a 6 c-C-H 1095b 
a 7 PF 2 twist -13 (3) 
a8 5PF 2 twist 94 (3) 
a9 CH 	twist 00b 
(c) Dependent distances 
Distance (pm) 
P---C 301.5 (14) 
d 7 P---H 286 (3) 
P---H 396 (3) 
d9 P---C 373 (3) 






20.0 b  
20.0 b 
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Table 6.2 continued 
Distance (pm) Amplitude (pm) 
d 12 P---H 332 (5) 
200b 
d 13 F---F 236.1 (8) 4•7 (10) 
d 14 F---S 285.4 (4) 5.9 (9) 
d 15 F---C 323 (5) 
150b 
d 16 F---H 263 (7) 
200b 
d 17 F---H 396 (7) 
200b 
d 18 F---C 433 (5) 17 (5) 
d 19 F---H 498 (6) 200b 
d20 F---H 510 (4) 200b 
d21 F----H 415 (6) 20.0 b 
d22 F---C 293 (3) 150b 
d23 F---H 258 (4) 200b 
404 (3) 200b 
d25 F---C 312 (5) 20.0 b 
d26 F---H 381 (5) 200b 
d27 F---H 393 (6) 200b 
d28 F---H 239 (8) 20.0 b 
d 2 9 S----H 246.0  10.0 
b 
d 30 S---C 272.5  
d31 S---H 374.3 (15) 150b 
d32 S----H 291 (2) 15.0 b 
d33 S---H 291 (2) 150b 
d34 C---H 218.7 (8) 100b 
d35 H---H 184 (2) 150b 
d36 H---C 219.6 (9) 100b 
d37 H---H 253.1 (11) 15.0 
b 




15.0 b  
15.0 
b 
15.0 b  
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Table 6.2 continued 
Distance (pm) 
d39 H---H 253.8 (11) 
d40 H---H 253.1 (11) 
253.8 (11) 
d 42 H---H 314 (2) 
d 43 H---H 185 (2) 
a 	Errors quoted in parenthesis are estimated standard 
deviations obtained in the least-squares analysis, 
increased to allow for systematic errors 
b 	Fixed 
c 	Tied to 
d 	Tied to u14 
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Figure 6.3 Observed and Difference Radial Distribution 
Curves for PF 2SEt 
P (r) /r 
Figure 6.4 	Observed and Final Difference Molecular-scattering 
Intensity Curves for PF 2SEt 
a) Camera Distance 	285 mm 
b) Camera Distance 	128 mm 
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Table 6.3 	Portion of Least-Squares Correlation Matrix 
x 100 for PF 2 SEt 










































Elements less than 30 have been omitted 
r = bond distance 
a = angle 
U = amplitude 
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Using this model it was possible to refine the five 
bond lengths, valence angles and torsional angles (Table 
6.4). The conformation of the molecule (Figure 6.5) was 
obtained as previously described in Section 6.1.1. The 
final refinement of this structure gave an R factor (R G )
of 0.199. 
The radial distribution curve (Figure 6.6) shows clear 
peaks associated with C-H, P-F, C-S and P-S bonded distances. 
The next intense peak at 240 pm contains the F----F non-bonded 
distance. It should be noted that the significant increases 
in the intensities of the P-F and F---F peaks, with respect 
to those in PF 2SEt, are due to the presence of PF3 in the 
sample. The next peak at ca 300 pm contains contributions 
from many non-bonded distances, including P---C, P---H, 
F----S and F---C distances. The outermost region of the 
radial distribution curve (300-700 pm) is the most conformation 
sensitive part of the curve. This portion has no distinct 
features and contains many long distance atom pairs, including 
P---P, F---F, F---C, P---S and P --- C. 
The observed and final difference molecular scattering 
intensity curves are shown in Figure 6.7. The correlation 
matrix is shown in Table 6.5. 
The source of the PF3 was determined as arising from 
the decomposition of the (PF 2 )S(CH 2 ) 3 S(PF 2 ) sample during 
the Electron Diffraction run. 
6.2.3 	Refinement of the Para-(PF 2O)C 6H4 (OPF 2 ) Structure 
The structure of para-(PF 2O)C 6H4 (OPF2) was described by 
a model which assumed that the PF20 moiety had local C 
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Table 6.4 	Molecular 
Parameters  for (PF2 )S(CH 2 ) 3 S(PF 2 ) 
(a) Independent distances 
Distance (pm) Amplitude (pm) 
r 1 P-F 157.7 (4) 
45b 
P-s 211.2 (9) 
55b 
r 3 s-C 185 (2) 
50b 
C-C 150 (4) 
r 5 C-H 
1090b 70b 
(b) Independent angles 	(°) 
a 1 F-P-F 97.4 (7) 
a 2 F-P-S 101.9 (12) 
a 3 P-s-C 95 (3) 
a 4 s-C-C 107 (3) 
a 5 H-C-H 
1080b 
a 6 C-C-H 
1095b 
a 7 C-C-C 110.0 b 
a 8 PF 2 twist 162 (6) 
a 9 SPF 2 twist 93 (6) 
a 10 CH 2 SPF 2 twist 	198 (8) 
(C) Dependent distances 
Distance (pm) Amplitude (pm) 
P---C 293 (7) 
80b 
d7 P---H 387 (8) 15.0 b 
d8 P---H 275 (12) 
150b 
d9 P---C 361 (6) 
150b 
d 10 P---H 438 (12) 20.0 b 
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Table 6.4 continued 
Distance (pm) Amplitude (pm) 
d 317 (10) 20.0 b 
456 (10) 
200b 
d 13 P---H 430  
300b 
d 14 P---H 503 (20) 
30•0b 
d 15 P---S 604 (10) 
250b 
d 16 P----P 719 (9) 
250b 
d 17 P---F 635 (11) 
250b 
d 18 P---F 762 (13) 
250b 
d 19 F---F 237 (1) 
d 20 F---S 289 (3) 
80b 
d21 F---C 279 (8) 
150b 
d22 F----H 386 (9) 
200b 
d23 F---H 240 (18) 20.0 b 
d 24 F---C 296 (8) 
200b 
d25 F---H 393 (13) 30.0 b 
d26 F---H 240 (20) 30.0 b 
d27 F---C 352 (16) 
25•0b 
d28 F---H 301 (24) 
300b 
d29 F---H 415 (30) 
300b 
d30 F---S 493 (12) 
250b 
d31 F---F 582 (16) 
250b 
d32 F---F 670 (20) 25.0 b 




d35 F---H 263 (13) 
200b 
d36 F---C 429 (12) 20.0 b 
d37 F---H 515  
300b 
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Table 6.4 continued 
Distance (pm) Amplitude (pm) 
d38 F---H 418 (18) 30.0 b 
d39 F---C 496 (12) 25.0 b 
d 40 F---H 
461 (13) 
300b 
d41 F---H 514 (20) 
300b 
d42 F---S 668 (14) 
250b 
d 43 F---F 670 (20) 
25•0b 
d 44 F---F 775 
(24) 250b 
d45 S---H 246 (3) 
100b 
d46 s---C 271 (5) 
80b 
d47 S---H 305 (10) 
150b 
d 48 S---H 271 (8) 15.0 b 
d49 S---C 405 (6) 15.0 b 
d 50 S---H 432 (6) 
200b 
d 51 S---H 
436 (6) 
200b 




d54 C---C 246 (6) 
284 (10) 15.0 b 










d61 H---H 254 (11) 
200b 
d62 H---H 302 (3) 15.0 b 
d63 H---H 259 (8) 
150b 
d64 H---H 254 (11) 
200b 
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a 	Errors quoted in parenthesis are estimated standard 
deviations obtained in the least square analysis, 




Figure 6.5 	Perspective Views of (PF 2 )S(CH 2 ) 3S(PF 2 ) 
(b) perpendicular to P-S bond, n 
atoms have been deleted for 
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Figure 6.6 Observed and Difference Radial Distribution 
Curves for (PF2 )S(CH2 ) 3 S(PF2 ) 
P(r)/r 
Figure 6.7 	Observed and Final Difference Molecular-scattering 
Intensity Curves for (PF 2 )S(CH 2 ) 3 s(pF 2 ) 
a) Camera Distance 	285 mm 
b) Camera Distance 	128 mm 
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Table 6.5 Portion of Least Squares Correlation Matrix 
x 100 for (PF2 )S(CH2 ) 3 S(PF2 ) 
a 1 	a2 a3 	a4 a9 	a10 	k2 
-39 	-30. 31 
36 	-32 r2 
100 -39 -64 r 4 
100 30 a 1 
100 -74 53 a 2 
100 -77 	32 a3 
42 -60 a8 
Elements less than 30 have been omitted 
r = bond distance 
a = angle 
symmetry while the substituted benzene ring had local D 2 
symmetry. The geometry was defined by five bond lengths, 
four valence angles, four torsional angles and a deforma-
tion variable. The PF 2 twists were defined&s zero when 
the bisector of the FPF angle was anti to the 0-C bond. 
The PF2O twist angles were defined as zero when the P-0 
bond was perpendicular to the benzene ring plane. 
With this model it was possible to refine the five 
bond lengths, valence angles, torsional angles, deformation 
variable and some amplitudes of vibration to give the 
values listed in Table 6.6 with an overall R factor (R G ) 
of 0-08-61. The conformation was determined as described in 
section 6.1 .1 (Figure 6.8). 
The radial distribution curve (Figure 6.9) shows a 
peak at 105.9 pm for C-H. The next peak at ca 160 pm 
contains the overlapping peaks for P-F and -P-0. The 
shoulder on this peak at ca 140 pm corresponds to the over-
lapping peaks for the C-.0 and C-C bond lengths. It was 
necessary to constrain the P-0 and P-F amplitudes to refine 
together. The peak at ca 240 pm contains contributions - 
from F---F, P---C, F---0 and C---C non-bonded distances.-
The broad peak at ca 350 pm contains contributions from 
several non-bonded atom pairs, the major contributors being 
several P---C and F---C components. The outer conformation 
sensitive region of the radial distribution curve contains 
the long range P---C, F---C, F----F and P---F atom pairs. 
It was necessary to constrain some of the amplitudes of 
vibration to refine in groups (Table 6.6). 
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Table 6.6 Molecular Parameters  for Para-(PF 2O)C 6 H4 (OPF 2 ) 
(a) Independent Distances 
Distance (pm) Amplitude 	(pm) 
P-F 157.7 (7) 4.5 	(3) 
r 2 0-P 159.8 (13) 
45b 
r 3 C-O 137.9 (14) 4.9 	(4) 
r 4 C-C 	(average) 140.1 (6) 
r 5 C-H 105.4 (19) 
(b) Independent Angles (°) 
a 1 F-P-F 96 (3) 
a 2 F-P-C 97.8 (16) 
a 3 C-a-P 125.4 (16) 
a 4 PF2 	twist 	(1) 296 (4) 
a 5 OPF 2 twist 	(1) 259 (7) 
a 6 PF2 twist 	(2) 12 (5) 
a 7 OPF2 twist 	(2) 3 (7) 
a8 H-C-C 120.0 c 
Deformation variable 
0.699c 
(c) Dependent Distances 
Distance (pm) Amplitude 	(pm) 
d6 ---c 264.8 (10) 7.0 	(14) 
d7 P----C 340 (5) 11.5 	(34) 
336 (8) 18.8 c 
d 9 P---C 357 (5) 
115d 
d 10 P---H 366 (7) 
18.0c 
783 (3) 28.0 c 
-12b- 
Table 6.6 continued 
Distance (pm): Amplitude (pm) 
d 12 P---F 863 (8) 
280c 





- 13.8 c 
d 16 P---C 468 (4) 15.3 	(19) 
480 (4) 
153e 
d 18 F----F 234 (5) 9.3 	(15) 
d 19 F----O 239 (3) 
9.3f 
d20 F----C 372 (2) 
115d 
d21 F---C 443 (4) 
18.0c 
d 22 F---C 471 (4) 
191e 
d23 F----P 897 (3) 
34.8c 
d24 F---F 971 (8) 34.8 c 
d25 F---F 1006 (8) 34.8 c 
a 26 F----0 785 (2) 19•4c 
d 27 F---C 
648.2 (15) 20.0 c 
d28 F---C 581 (3) 20.0
c 
d 29 F---C 603 (3) 
20.0c 
d30 F---C 303 (3) 115 	
d 
d31 F---C 309 (8) 180 	
C 
d 32 F---H 262 (14) 200 
d 33 F----C 425 (6) 153 	
e 
d34 F---H 467 (8) 200 	
C 
d35 F---P 788  280 	
C 
d 36 F---F 
841 (12) 280 	
C 
F---F 886 (6) 280 	
C 
d 38 F----O 653  
200 	C 
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Table 6.6 continued 
Distance (pm) Amplitude (pm) 
d39 F---C 526 (5) 200 	
C 
d40 F---C 434 (7) 191 	
e 
d41 F---C 523 (6) 200 	
C 
240.4 (11) 75 	(9) 
263.2 (12) 150 	
C 
d44 O---F 742 (8) 180 	
C 
d45 O---F 771 (6) 180 	
C 
d46 O---O 554 (3) 150 	
C 
d47 O---C 416.5 (9) 109 	
e 
d48 O---C 367.9 (9) 120 	
C 
d 49 C—C 140.1 (6) 44 
d50 C---H 214 (2) 100 	
C 
d51 C---F 608 (7) 20.0 c 
d 52 C---F 635 (6) 20.0 
d 53 c---c 278.5 (12) 
a54 C---C 242.1 (9) 529 
d55 C---H 338 (2) 
10.0f 
d56 c---C 243.5 (9) 
529 
d57 C---H 339 (2) 
lO.Oc 
d58 c---P 489 (4) 
53e 
d59 C---F 539 (8) 
20.0c 
a60 c—c 139.9 (6) 
a 61 c---u 213 (2) lO.Oc 
a62 c---c 280.9 (13) 
a63 c---H 386 (3)1.  lO.Oc 
d64 H---H 245 (3) 13.0 c 
d65 c---P 459 (4) 
153e 
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Table 6.6 continued 
Distance 	(pm) Amplitude 	(pm) 
d66 C----F 572  20•0F 
d 67 C---F 
555  20.0 
d68 P---C 369 (4) 11.5 d 
d69 P----H 386 (7) 18.0
c 
d70 P---C 328 (4) 11.5 d 
d 71 
P---H 314 (8) 18.0
c 
d72 F---C 350 (5) 
115d 
d73 F---C 408 (8) 
153e 
d74 F---H 383 (10) 20.0 c 
d75 F---C 450 (70) 
191e 
d76 F---C 365 (4) 
130c 
d77 F---C 479 (3) 
191e 
d78 F---C 415 (8) 
153e 
d79 F---H 375 (9) 
200c 
a Errors quoted in parenthesis are estimated standard 
deviations obtained in the least-squares analysis, 
increased to allow for systematic errors 
b Tied tou 1 
C Fixed 
d 	Tied to U7 
e 	Tied to u 16 
f 	Tied tou 3 	 - 
g 	Tied to u 42 
All distances greater than 400 pm, involving hydrogen, have 
been omitted from this table, although they were included 
in the refinements. 
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Figure 6.8 	Perspective View of Para-(PF2O)C6H4(OpF2) 
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Figure 6.9 Observed and Difference Radial Distribution 
Curves for Para-(PF 20)C 6 H4 (0PF 2 ) 
P(r)/r 
Figure 6.10 Observed and Final Difference Molecular-scatterin 
Intensity Curves for Para-(PF 2 )O(C 6H 4 )O(PF 2I 
a) Camera Distance 	285 mm 
b) Camera Distance 	128 mm 
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The observed and final difference molecular scattering 
intensity curves are shown in Figure 6.10. The correlation 
maxtrix is given in Table 6.7. 
6.2.4 	Refinement of The Meta-(PF 2Q)C(Q 2 ) Structure 
The structure of meta-(PF 2O)C 6H 4 (OPF 2 ) was described by 
a model which assumed that the PF 2O moieties had local Cs 
symmetry while the substituted benzene ring had local C 2 
symmetry. The geometry was defined by five bond lengths, 
four valence angles, four torsional angles and a deformation 
variable. The pF 2 twists were defined as zero when the 
bisector of the FPF angle was syn to the 0-C bond. The PF 2O 
twists were defined as zero when the P-0 bond was syn to the 
C i 	-C 	
bond. 
ipso -C  
The analysis of the structure of meta-(PF 2O)C 6H4 (OPF 2 ) 
(Table 6.8, Figure 6.11) was essentially similar to that of 
para-(PF2O)C 6 H 4 (OPF2 ) with one important difference. It was 
necessary to add additional constraints (observations) to 
the values of P-F, P-0 and their respective amplitudes of 
vibration. This was because of the overlapping of the P-F 
and P-a peaks in the radial distribution curve (Figure 6.12). 
The observed and final difference molecular scattering 
curves are shown in Figure 6.13. The correlation matrix is 
given in Table 6.9. RG 01056 
6.3 	Discussion 
The parameters associated with the PF 2Y groups, for the 
compounds studied, are consistent with those reported for 
similar compounds (Table 6.10). The large POC angle for 
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Table 6.7 Portion of Least-Squares Correlation Matrix 
x 100 for Para-(PF 20)C 6 }1 4 (OPF2 ) 
ri 	r2 	r4 	a2 	a3 a4 a 5 	u3 u6 	u18 	k 1 
100 	-96 - -71 r 1 
100 72 
-84 	-65 50 43 
100 	 63 -50 -55 
-92 70 76 a 1 
100 -74 -79 a 2 
100 64 a 3 
100 -50 62 a 4 
Elements less than 40 have been omitted 
r = bond distance 
a = angle 
u = amplitude 
-127- 
Table 6.8 Molecular Parameters  for Meta-(PF 2O)C 6H4 (OPF2 ) 
(a) Independent Distances 
Distance (pm) Amplitude (pm) 
r 1 P-F 158.1 (5) 4.3 (3) 
r 2 P-0 159.7 (10) 
4•5c 
r3 C-0 134.5 (15) 3.3 (11) 
C-C (average) 141.6 (6) 
3.3d 
r5 C-H 
1080b 7 (4) 
(b) Independent Angles (°) 
a 1 F-P-F 97 (2) 
a 2 0-P-F 97.8 (8) 
a 3 C-0-P 130 (2) 
a 4 PF2 twist 	(1) 29 (3) 
a 5 OPF 2 twist 	(1) 95 (5) 
a 6 PF 2 twist 	(2) 71 (5) 
a 7 OPF 2 twist 	(2) 144 (6) 
a8 C-C-H 118.6 b 
Deformation variable 
(c) Dependent Distances 
Distance (pm) Amplitude (pm) 
d6 P---C 267.0 (10) 6.0 	(12) 
d7 P---C 348 (4) 13.1 	(14) 
P---H 344 (6) 
167e 
d9 P---P 739 (4) 12.0 b 
d 10 P---F 775 (6) 
150b 
d 11 P---F 810 (6) 15.0 b 
d 12 P---0 585 (4) 
150b 
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Table 6.8 continued 
Distance (pm) Amplitude (pm) 
d 13 P---C 463 (3) 13 	(3) 
d 14 P---C 534 (2) 
150b 
d 15 P----C 356 (3) 13.1 e 
d 16 P---H 
361 (6) 
18•7e 
d 17 P---C 
478 (3) 
12.7f 
d 18 F---F 238 (3) 
779 
d 19 F---O 240 (2) 7.7 	.(6) 
d20 F---C 336 (3) 
129b 
d21 F---C 361 (5) 
187e 
d 22 F---P 837 (4) 
150b 
d23 F---F 856 (7) 15.0 b 
d 24 F---F 924 (6) 15.0 b 
d25 F---O 691 (4) 15.0 b 
d 26 F---C 572 (4) 
200b 
d27 F---C 590 (4) 
20•0b 
d28 F----C 460 (3) 15.9 f 
d 29 F---C 498 (5) 
200b 
d30 F---C 370 (2) 
131e 
d31 F---C 468 (2) 15.9 f 
d 32 F---P 820 (4) 15.0 b 
d33 F---F 880 (4) 15.0 b 
d 34 F---F 889 (6) 15.0 b 
d35 F---O 670 (4) 15.0 b 
d36 F---C 581 (3) 
200b 
d37 F---C 650 (2) 
200b 
d38 F----C 442 (3) 
180b 
d39 F---C 602 (2) 
15.9f 
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Table 6.8 continued 
Distance (pm) Amplitude (pm) 
d40 O---C 237.9 (12) 779 
d41 O---H 260.9 (6) 150b 
620 (3) 15.0 b 
d43 O---F 663 (4) 15.0 b 
d 44 O---F 711 (3) 
150b 
d45 o---o 476 (2) 10.6f 
d46 O---C 365.5 (10) 13.1 e 
d47 O---C 416.9 (10) 10.6 f 
d 48 o---c 237.9 (10) 
779 
d49 O---H 263.3 (10) 120b 
d50 O---C 366.9 (10) 13.1 e 
d51 C--.0 141.2 .() 
3•3d 
d52 C---H 215.7 (5) 70b 
d53 C---F 534 (4) 200b 
d54 C---F 604 (2) 20•0b 
d55 c---c 242.6 (9) 5•59 
d56 c---c 282.4 (11) 60b 
d57 C---H 390.4 (11) 10.0 b 
d 58 C—C. 141.2 (5) 
33d 
d59 C---H 217.2 (5) 7•0b 
d60 C---c 244.4 (9) 5•59 
d61 C---H 391.1 (12) 100b 
d62 C---P 534 (2) 15.0 b 
d63 C---F 526 (5) 20•0b 
d64 C---F 649 (2) 20•0b 
d65 C---H 345.0 (9) 
d66 C---C 246.3 (10) 559 
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Table 6.8 continued 
Distance (pm) Amplitude (pm) 
d67 C---H 344.1 (9) 10.0 b 
d68 C—C 142.1 (5) 
33d 
d69 C---H 261.4 (9) 
d70 H---C 343.1 (9) 
100b 
d71 H---C 218.6  
70b 
a72 p---c 315 (4) 130b 
285  18.0 b 
d74 P----C 385 (3) 13.1 e 
d 75 P---C 454 (3) 
12.7f 
d76 F---C 300 (3) 
130b 
d77 F---C 281 (6) 18.0 b 
d78 F---C 440 (3) 15.9 f 
d 79 F---C 
415 (6) 15.9f 
d80 F---C 370 (2) 13.0 b 
d81 F---C 435 (4) 
a82 F---C 474 (2) 18.7 e 
a83 F---C 576 (4) 20.0 
d84 c---c 284.2 (11) 60b 
(d) Additional Observations 
Data Observed Value 	Calculated Value 	Weight 
(P-a) - 	 (P-F) 2.000 1.635 	1.0754 
(0-P-F) 	- 	 (F-P-F) 2.000 0.317 	 0.269 
a 	Errors quoted in parenthesis are estimated standard 
deviations obtained in the least-squares analysis, 
increased to allow for systematic errors 
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Table 6.8 continued 
b 	Fixed 
c 	Tied to u 1 
d 	Tied tou 4 
e 	Tied to u 7 
f 	Tied to u 13 
g 	Tied to u 19 
All interatomic distances involving hydrogen, of greater 
than 400 pm, have been omitted from this table, although 
they were included in the refinements. 
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Figure 6.11 Perspective View of Meta-(PF2O)C6H4(OPF2) 
-133- 
Figure 6.12 Observed and Difference Radial Distribution 
Curves for Meta-(PF2O)C6H 4 (OpF 2 ) 
P (r) /r 
Figure 6.13 Observed and Final Difference Molecular-scattering 
Intensity Curves for Meta - (PF 2O)C 6 1-1 4 (OpF 2 ) 
a) Camera Distance 	285 mm 
b) Camera Distance 	128 mm 
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Table 6.9 Portion of Least Squares Correlation Matrix 
x 100 for Meta-(PF 2O)C 6H4 (OPF 2 ) 
r 2 	r3 	r 4 'a2 	a3 	















	 a 1 
















Elements less than 40 have been omitted 
r = bond distance 
a = angle 
u = amplitude 
Table 6. 10 
	
Bond Lengths and Angles for some Difluorophosphines 
Compound r(P-F) r(P-Y) a(FPF) a(FPY) a(PYC) ref 
(PF 2 ) 2 S 157.2 (2) 213.2 	(4) 97.4 (5) 100.2 	(4) 91.3(11.) 126 
PF 2 SMe 158.9 (3) 208.5 	(3) 95.6 (6) 101.2 	(3) 102.0(12) 126 
PF 2 SGeH 3 159.0 (9) 211.5 	(8) 97.0(10) 99.9 	(4) 127 
PF 2 SEt 158.8 (2) 208.5 	(4) 96.0 (5) 101.1 	(3) 100.6 	(7) 
(PF 2 )S(CH 2 ) 3 S(PF 2 ) 157.7 (4) 211.2 	(2) 97.4 (7) 101.9(12) 95 	(3) 
(PF 2 ) 2 0 157.0 (5) 159.7 	(9) 99.2 98.6 128 
PF 2OMe 159.1 (6) 156 	(2) 94.8 (6) 102.2(10) 123.7 	(5) 129 
Para-(PF 2 O)C 6 H 4 (OPF 2 ) 157.7 (7) 159.8(13) 96 (3) 97.8(16) 125.4(16) 
Meta-(PF 2 O)C 6H 4 (OPF 2 ) 158.1 (6) 159.7(10) 97 (2) 97.8 	(8) 130 	(2) 
All bond lengths in pm 
Ui 
All angles in 
-136- 
meta-(PF2O)C6H4 (OPF 2 ) can be rationalised in terms of 
repulsion between the two PF2O groups. As previously 
reported 126 the widest PSC angles are associated with the 
shortest P-S bonds. 
The conformations of all the compounds studied show 
weak interactions between fluorine and hydrogen atoms, with 
one of the fluorines of a PF 2 moiety lying close to an 
organic hydrogen. For PF 2SEt the shortest F----H distance 
was calculated to be 263 pm while for (PF 2 )S(CH 2 ) 3 S(PF 2 ) 
it was 240 pm. PF 2 SEt and (PF 2 )S(CH 2 ) 3S(PF 2 ) exhibit 
similar PF 2Y conformations (Figures 6.2 and 6.5). 
Both meta- and para-(PF 2O)C 6 H 4 (OPF 2 ) exhibit two types 
of PF 2O conformation (Figures 6.8 and 6.11). One conformation 
involves a short range F----H distance of ca 260 pm while the 
other involves a larger F---H distance of ca 38D pm. 
Because both PF 2O moieties are free to rotate about the 
P-O and C-O bonds it is proposed that the two types of 
conformation represent the two average positions for these 
groups. 
As with other previously reported difluorophosphine 
129127, 
derivatives 126, 
	the preferred conformation is the 
one which involves a short range F---H non-bonded distance 
of typically 260 pm. 
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CHAPTER 7 
CONCLUSIONS AND FUTURE WORK 
The work described in the previous chapters illustrates 
the ease with which bidentate difluorophosphine ligands can 
be constructed by the reaction-of S(PF 2 ) 2 with the appro-
priate diol or dithiol according to the general Equation 1 
2S(PF 2 ) 2 + HY(CH 2 n ) YH 	' ( PF 2 )Y(CH 2 )Y(PF 2
) + 2PF 2 HS 	(1) 
Y = S,O 	n = 3-6 
The ability of these ligands to form transition metal 
complexes has also been demonstrated. The nature of the 
complex formed depends on the length of the chain separating 
the two PF 2 groups, the rigidity of that chain, and the 
precursor metal complex. Mixed metal complexes can also be 
prepared, but these complexes were not isolated. It may be 
possible to separate the mixed metal species from the other 
complexes present by using chromatography. 
The reaction of S(PF 2 ) 2 with glucose and arabinose have 
shown that it is possible to prepare poly PF 2O-compounds. 
Hunter 99  has prepared the potentially tridentate ligands 
P(OPF 2 ) 3 and PO(OPF 2 ) 3 by reaction of S(PF 2 ) 2 with HPO(OH) 2 
and PO(OH) 3 respectively. A preliminary study 
101  has 
suggested that PO(OPF 2 ) 3 can act as a tripod ligand to yield 
the complex fac-Mo(CO) 3 [PO(OPF 2 ) 3 ] [Equation 21. 
Mo(cht) (CO) 3 + PO(OPF 2 ) 3 	-. Mo(CO) 3 (PO (OPF 2 ) 3 ] + cht 	(2) 
cht = cycloheptatriene 
The large range of potential metal complexes for P(OPF 2 ) 3 
and PO(OPF 2 ) 3 should be investigated in more detail. 
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King  59  has prepared the complex fac-Mo(CO) 3 EP(NPhPF 2 ) 3 1 
by reaction of (PF 2 ) 2NPh with fac-Mo(CH 3 CN) 3 (CO) 3 . 	The 
postulated mechanism involves (PF 2 ) 2NPh coordinating as a 
monodentate ligand to yield fac -Mo(CO)3[(PF2)2NPh]3. This 
complex then eliminates two molecules of PF 3 to form the 
tridentate ligand in situ. It is possible that a similar 
result could be achieved by the reactions described below 
[Equations 3-61 
HO (CH 
2 n 	2 ) SH + S(PF ) 2 	 2 	2 n 	2 
- (PF )O(CH ) SH ~ PF HS 	 (3) 
3 (PF 2 ) 0 (CH 2 n ) SH 
+ Mo (CH 	 3 3 3 CN) (CO) 7-0.-MO(CO) 3 	2 
[(PF ) 0 (CH 2  ) n SH] 3 	3 + 3CH CN (4) 
Mo(CO) 3 [(PF 2 )O(CH 2 )SH] 3 + 3S(PF2)—Mo(CO) 3 [(PF 2 )O(CH 2 )S(PF2 )1 3 + 
	
3PF 2HS 	(5) 
MO(CO) 3 [ (PF 2 )O(CH 2 ) S(PF 2 H 3  --
--- - a-MO(CO) 3{P[S(CH2)  O(PF 2 ) ] 3 } 	+ 
2PF 3 	(6) 
n = 2-6 
If the PF3 elimination [Equation 6] does not occur then an 
alternative procedure would be to react Mo(CO) 3 [(PF 2 )O (CH 2 )S(PF 2 )] 3 
with W(CH 3 CN) (CO) 3 to yield mixed metal species [Equation 71. 
Mo(CO) 3 [(PF 2 )O(CH2 )S(PF 2 )] 3 + W(CH 3 CN) 3 (CO) 3 	
W. 
MO(CO)3[(PF2)O  (CH  2)nS(PF2)]W(CO)3 + 3CH 3 CN 	 (7) 
Alcohols react with phosphoryichioride to form esters 
according to the general Equation 8. These esters can then 
be hydrolysed by alkali to give the dihydroxy species 
ROPO (OH) 2 . 117 
ROH + POC1 3 	:..ROPOCl2 
Alkali,  ROPO(OH) 2 	 (8) 
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By using diols as precursors it should be possible to 
prepare compounds of the type (HO) 2OPO(CH 2 )OPO(OH) 20' 
which could then be reacted with S(PF 2 ) 2 [Equation 91. 
(HO) 2 	2)nom2 + 4S(PF2 ) 2-4'20) 2OPO(CH2) nOPO(OPF2)2 + 
4PF2HS 	(9) 
These ligands, (PF 2O) 2OPO(CH 2 )OPO(OPF 2 ) 2 should be able 
to bridge between two metal centres, each metal chelated by 
two PF 2O- groups [Equation 101. 
(PF 2O) 20P0(CH2 )OPO(OPF2 ) 2 + 2Mo(nbd) (CO) 4 
CO 	 CO 
0 	 0 
OcJ,PF2\JI li/ 2
Co 'I 	OPF 	I 
MO 	P-O(CH 
2
) 0-P MO 	+ 2nbd 	(10) 
/ 	n \ 
OC 	J PF 20 OPF 2 	CO 
CO 	 CO 
A similar type of reaction would be expected for the diamine 
ligands (PF 2 ) 2N(CH 2 )N(PF2 ) 2 . These ligands could be 
prepared as described in Equation 11. 
H 2 
	2 n 2 
N(CH ) NH + 4PF 2C1 + 4NMe3—* 	
n 	2 
- ( PF 2 ) 2N(CH 2 ) N(PF )2 
	3 
+ 4[NMe H]C1 (11) 
In Chapter 3 the problems in obtaining a pure sample of 
the mixed metal complexes W(CO) 5 [(PF 2O)C 6H4 (OPF 2 )]Mo(CO) 5 
were discussed. One possible method of circumventing this 
problem would be to use HO(CH 2 )SH as a precursor. The 
reaction of S(PF 2 ) 2 with HO(CH 2 ) 2 SH, in equimolar quantities, 
yields 100% (PF 2 )O(CH 2 ) 2 SH (Section 5.1). It should be 
possible to prepare mixed metal complexes of the form 
M(CO) 5 [(PF 2 )O (CH 2 ) S(PF 2 )IM' (CO) 5 as detailed in the scheme 





HO (CH ) sil 	.u.(PF )O(CH ) SH 	.-M(CO) 5 [(PF 2 )O(CH2)SH] n 
S(PF2 ) 2 
(M' (CO) I] 
m(C0) 5 [(PF2 )O(CH2 )S(PF2 )]M'(CO) 5 r4- 	M(CO) 5 [(PF 2 )O (CH 2 )S(PF2 )] 
Reaction Scheme 
Cr[C 6H 3 (CH 2CH 2 OH) 3 ] (CO) 3 reacts with PF 2C1 to yield 
Cr[C 6 H 3 (CH 2CH 2OPF 2 ) 3 ] (CO) 3 . Subsequent ultraviolet photolysis 
of this complex yields Cr[C 6H 3 (CH 2CH 2OPF 2 ) 3 ] where the 




















In Chapter 5 the reactions of S(PF 2 ) 2 with organic substrates 
already coordinated to a transition metal were investigated. 
Some other suitable candidates are shown below in Equations 
13-17. 
119 S(PF2)2 
[Pt(C1 2 )(CH 2CHOH)] 2 W {PtCl 2 [CH 2 CHO(PF 2 )]} 2 	(13) 
S(PF2 ) 





	 S(PF2 ) 2 	
Fe 	 (15) 
CO)-B(OH) 2 
	
0 B(OPF2 ) 2 - 
122 S(PF2)2 
Fe(C0) 4 (HO 2CCHCHCO2H) 	 - Fe(C0) 4 [(PF 2 )O2CCHCHCO 2 (PF 2 )] (16) 
CMeHOH 123 	 CMeHO(PF2) 
CMeHOH 	 S(PF2)2
CMeHO(pF2) (17) 
'Cr(CO) 	 Cr(Cb) 
The products of these reactions could be used to prepare 
mixed metal complexes, for example Equation 18. 
(0PF2) 2 
Fe 	 + 2Mo(nbd)(CO) 










 I 	co 
VN' F2I. co B 
\ 	/ \OPF( I 
Co CO 
(18) 
The majority of the complexes synthesised in this work were 
prepared by the displacement of coordinated organic ligands. 
An alternative route to a wide range of complexes could be 






8.1 	Experimental Techniques 
All volatile compounds were handled in a conventional 
pyrex-glass vacuum line. 68  High vacuum was obtained by a 
glass, three stage mercury diffusion pump backed by a 
rotary oil pump. Pressures of volatile materials within 
the line were measured by a spiral gauge with mirror operat-
ing as a null-zero device with lamp and scale. Apiezon N 
and L greases were used on ground-glass taps and joints 
respectively. Separations of volatile materials were achieved 
by fractional condensation through traps held at reduced 
temperature by slush baths of standard values. 
All involatile materials and transition metal complexes 
were handled, under a nitrogen atmosphere, on a pyrex-glass 
Schlenk line of conventional design. The nitrogen supply 
was purified by passing through columns containing P 205 and 
activated BASF catalyst number R3-11. Vacuum was supplied 
by a rotary oil pump. Apiezon N and L greases were used on 
ground-glass three way taps and joints respectively. 
N.m.r. tubes used were of conventional design and 
attached to the vacuum line via ground-glass joints and 
sealed once filled. Reaction ampoules were all fitted with 
'Sovrel' greaseless taps and attached to the vacuum line 
via ground-glass joints. 
8.2 	Instrumentation 
Infra-red spectra were recorded, in the range 4000 - 
200 cm- 1 , using a Perkin Elmer 598 spectrophotometer with gas 
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or solution cells, fitted with kBr windows. Mass spectra 
were recorded using an AEI MS 902 spectrometer, with an 
ionisation potential of 40 e.v. at elevated temperatures of 
370 - 400 k. Nuclear Magnetic Resonance spectra were 
recorded using a variety of spectrometers; a Jeol FX60Q 
(for 31 P spectra), a Bruker WP80SY (for 19 F and 1 H spectra), 
a Bruker WP200SY (for 31  P. 13C and 1 H soectra) and a Bruker 
WH360 (for 31 P, 13C and 1  H spectra). The deuterated solvents 
were dried over molecular sieve and distilled before use. 
8.3 	Preparation of Reagents 
The starting materials for reactions were prepared as 
outlined in Table 8.1, their purity being checked spectro-
scopically. Samples of the transition metal complexes 
[Ru(p-cymene)C1 2 ] 2 84 [Rh(C 5Me 5 ) Cl] 8 and [Ru(C 6H6OH)Cl 2 ] ° 1  
were kindly provided by Dr. T.A. Stephenson. 
8.4 	Experimental Details Relating to Chapter 2 
8.4.1 	Preparation of (PF2 )S(CH 2 )S(PF2 ) 
	
(n=3-6) 
In a typical reaction, S(PF 2 ) 2 (7.0 mmol) was condensed 
into a glass ampoule (50 cm 3 ), containing hexan-1 ,6-dithiol 
(3.0 mmol). After 24 hours at 298 K the volatile portions, 
PF 2HS and S(PF 2 ) 2 were removed. The remaining clear colourless 
liquid was shown spectroscopically to be (PF 2 )S(CH 2 ) 6 S(PF 2 ). 
8.4.2 	Preparation of (PF 2 )S(CH 2 ) 2 S(PF 2 ) 
S(PF 2 ) 2 (0.3 mrnol) was condensed into a 5 mm n.m.r. tube 
containing 1,2-ethanedithiol (0.1 ramol) and CC1 3D (0.5 cm3 ) 
as solvent. The tube was sealed, warmed to room temperature 
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Table 8.1 	Preparation of Reagents 
Compound Preparation Reference 
1) HBr TetrahydronaphHalene 104 
+ Br  
2) PC1 2NMe 2 PC1 3 + 2NHMe 2 18 
3) PF 2NMe PC1 2NMe 2 + NaF/TMSO 18 
4) PF 2 Br PF 2NMe 2 + HBr 18 
5) S(SnBu 3 ) 2 SnBu 3C1 + Na 2 S 105 
6) S(PF 2 ) 2 2PF 2 Br + S(SnBu 3 ) 2 9 
7) Mo(nbd) (CO) 4 Mo(CO) 6 + nbd 106 
nbd = norbornädiene 
8) W(dto) (CO) 4 W(CO) 6 + dto 107 
dto = 2,2,7,7-tetramethyl- 
3 ,6-dithiaoctane 
9) W(nbd)(CO) 4 W(dto) (CO) 4 + nbd 107 
10) [N-rnp][M(CO) 5 1] M(CO) 6 + 	[N-mpJI 106 
M=W,Mo N-mp= N-methylpyridinium 
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and the reaction was then studied by n.m.r. spectroscopy. 
The product was identified as (PF 2 )S(CH2 ) 2 S(PF 2 ) and the 
solution retained for later reaction. An attempt was made 
to isolate this ligand, as described above, but it decom-
posed (Chapter 2). 
	
8.4.3 	Preparation of (PF 2 )O(CH2 )O(PF 2 ) 	(n=3-5) 
In a typical reaction, S(PF 2 ) 2 (5.0 mmol)- was condensed 
into a glass ampoule (50 cm 3 ) containing propan-1,3-diol 
(2.0 inmol). After 1 hour at 298 IC the reaction was complete. 
Volatile products were passed several times through a bath 
held at 195 k: the product (PF 2 )O(CH 2 ) 30(PF 2 ) was involatile 
at this temperature. Similar methods were used to prepare 
the equivalent compounds with n=4 and 5. In the case of 
n=5 the product was not volatile and the PF 2 HS and unreacted 
S(PF 2 ) 2 were simply removed by vacuum. 
8.4.4 	Preparation of (PF 2 )O(CH 2 ) 60(PF 2 ) 
The reaction was essentially the same as those described 
above, except that prior to the addition of S(PF 2 ) 2 , the 
hexan-1 ,6-diol was dissolved in diethylether: (2 cm 3 ). After 
the reaction was complete the ether was pumped off, with the 
PF 2HS and S(PF 2 ) 2 . 
8.4.5 	Reaction of Ligands of the Type (PF 2 )Y(CH 2 )Y(PF 2 ) 
with N-Methylpyridmnium molybdenumpentacarbonyliodide 
A solution of N-methylpyridinium molybdenumpentaarbonyi-
iodide (0.2 rnmol) in CC1 2D 2 (0.5 cm3 ) was mixed with ligand 
(0.1 mmol) in a 5 mm n.m.r. tube, which was then sealed under 
vacuum. The reaction was followed by 31 P n.m.r. spectroscopy, 
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and was complete after 30 minutes at 298 K, giving a yellow 
solution and a white precipitate. The precipitate was 
identified as N-mèthylpyridiniurniodidê. 	The n.m.r. tube 
was opened and the contents filtered. The filtrate was 
resealed in a fresh n.m.r. tube, and the product characterised 
by n.m.r. spectroscopy. The metal complexes were isolated 
as yellow, air sensitive oils, simply by removing the solvent 
by vacuum. No solids were obtained even though the oils 
were titruated with a wide variety of solvents and solvent 
mixtures. Characteristic vibrational frequencies are:- 
Y = S 	%)CO 	1975 cm 
Y = 0 	vCO 	1970, 1920, 1860 cm 
8.4.6 	Preparation of Complexes of the Type 
{Mo(CO) 4 [(PF 2 )Y(CH 2 )Y(PF 2 )]} 	(x=1,2 or 3) 
A solution of mblybd:enumnorbornadienetetracarb:onyl , 
(0.1 mmol) in CC1 3D (0.5 cm3 ) was mixed with ligand (0.1 mmol) 
in a 5 mm n.m.r. tube, which was then sealed under vacuum. 
The reaction was followed by 31 P n.m.r. spectroscopy and was 
complete after 21 hours at 298 k, giving a bright yellow 
solution. The n.m.r. tube was opened and any monomer (x=1) 
present was extracted into 60-80 petroleum ether. For 
Y = oxygen it was not possible to separate the dimer from 
higher oligomers which were also present. The monomer and 
dimer were resealed into fresh n.m.r. tubes and characterised 
by n.m.r. spectroscopy. The products were all isolated as 
yellow, air sensitive oils, simply by removing the solvents 
by vacuum. The oils were titruated with a wide range of 
solvents but no solids were obtained, except when diethyl- 
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ether was used, in which case a polymeric solid was formed. 
Characteristic vibrational frequencies are:- 
Y = S 	v(CO) 	1950 cm 
Y = 0 	v(CO) 	1920 cm 
8.4.7 	Reactions of the Ligands (PF 2 )0(CH 2 )0(PF 2 ) with 
N-Methylpyridinium tungstenpentacarbonyliodide 
The experimental procedure was similar to that described 
in section 8.4.5. The concentrations of reactants used were 
N-methylpyridiniUrfl tungstenpentacarbonyliodide (0.2 minol) 
and ligand (0.1 mmol). Characteristic vibrational frequencies 
are - 
V(CO) 	1975, 	1920, 	1850 crn 
8.4.8 	Reactions of (PF 2 )S(CH 2 ) 6 S(PF 2 ) and (PF 2 )0(CH 2 ) 3 0(PF 2 ) 
with TungstennorbornadienetetraCarbonyl 
The experimental procedure used was similar to that 
described above in section 8.4.6. 	The concentrations of 
reactants used were tungstennorbornadiene tetracarbonyl 
(0.1 mmol) and ligand (0.1 rnmol). 
8.4.9 	Preparation of PF 2 SEt 
S(PF 2 ) 2  (3.0 mmol) was condensed into a glass ampoule 
(50 cm3 ) containing ethanethiol (2.0 mmol). After 24 hours at 
room temperature the reaction was complete. Volatile products 
were pased through a bath held at 195 k, the product PF 2 SEt 
being retained at this temperature. 
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8.4.10 Reaction of PF 2 SEt with Molybdenumnorbornadiefle-' 
tetracarbonyl 
PF 2 SEt (0.2 mmol) was reacted with molybdenumnrborfla-
dienetetracarbbnyl (0.1 mmol) in a sealed n.m.r. tube 
containing CC1 3D as solvent. The reaction was monitored by 
n.m.r. spectroscopy and was complete after 2 hours at 298 
8.5 	Experimental Details Relating to Chapter 3 
8.5.1 	Preparation of Meta-(PF 2O)C 6H 4 (OPF 2 ) 
S(PF2 ) 2 (4.0 mmol) was condensed into a glass ampoule 
(50 cm 3 ) containing resorcinol (0.15 rnmol) in CC1 3H (2 cm 3 ). 
The mixture was warmed to room temperature and reaction was 
complete after 4 hours. The volatile products were distilled 
onto the vacuum line and the products purified by fractional 
condensation. The fractionation was conducted using a 195 I( 
bath, at which temperature the meta-(PF 2O)C 6 H4 (OPF 2 ) was 
retained. 
8.5.2 	Preparation of Para-(PF 2O)C 6H4 (0PF 2 ) 
The procedure used was similar to that described above 
in section 8.5.1, except that the solvent used was diethyl-
ether (2 cm3 ). Concentrations of reactant were, S(PF 2 ) 2 
(5.0 mmol) and hydroquinone (2.0 mmol). 
8.5.3 	Preparation of Ortho-(PF 2 O)C 6H4 (OPF 2 ) 
S(PF 2 ) 2 (0.3 rnmol) was condensed into a 5 nun n.m.r. tube 
containing catechol (0.1 inmol) and CC1 3 D (0.5cm3 ) ás solvent. The 
reaction was carried out at room temperature and was complete 
in ca. 10 minutes. This solution was retained for subsequent 
reaction. 
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8.5.4 	Reaction of Ortho-, Meta-, and Para-(PF 20)C6 H4 (0PF 2 ) 
with N-Methylpyridinium molybdenurnpentacarbonyl-
iodide 
The experimental procedure used was similar to that 
described in section 8.4.5 for the aliphatic ligands. The 
concentration of the reactants were ligand (0.1 mmol) and 
N-methylpyridiniummolybdenumpentacarbonyliodide (0.2 ramol). 
8.5.5 	The Reaction of Meta-(PF 2Q)C 6 H 4 (0pF 2 ) with 
Molybdenumnorbornadienetetracarbonyl 
A solution of molybdenumnorbornadienetetracarbonyl (0.1 
mmol) in CC1 3 D (0.5 cm3 ) was mixed with meta-(PF 2O)C 6 H 4 (OPF 2 ) 
in a sealed n.m.r. tube. The reaction was complete after 
three hours at room temperature to yield a yellow solution. 
Two similar products were found to be present, but it was not 
possible to separate them using solvent extraction techniques. 
Both products were characterised by n.m.r. spectroscopy and 
the mass spectra of the solution obtained. 
8.5.6 	The Reaction of Para-(PF 2O)C 6H 4 (OPF 2 ) with 
Molybdenumnorbornadienetetracarbonyl 
The experimental procedure used was similar to that 
described above in section 8.5.5. However, after 3 hours at 
room temperature a polymeric white precipitate had formed. 
N.m.r. spectroscopy of the remaining solution showed three 
similar products, which were found to be inseparable by 
solvent extraction techniques. 
Para-(PF2O)C 6 H4 (OPF 2 ) (0.1 mmol) and molybdenum-
norbornadienetetracarbonyl (0.1 inmol) were mixed together in 
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a Schleñk tube containing CC1 3H (15 cm3 ) as solvent. The 
solution was stirred vigorously for 3 hours at room tempera-
ture to yield a clear yellow solution. However, when this 
solution was concentrated by removing the solvent under 
reduced pressure a white polymeric precipitate formed. The 
soluble portion of the residue was transferred into a n.m.r. 
tube and examined by n.m.r. spectroscopy. 
	
8.5.7 	The Eguimolar Reactions of S(PF 2 ) 2 with Meta- 
and Para-(HO)C 6H4(OH) 
S(PF 2 ) 2 (0.1 mmol) was condensed into an n.m.r. tube 
containing meta- or para-(HO)C 6H4 (OH) (0.1 mntol) and CC1 2D 2 
(0.5 cm3 ) . The tube was sealed and warmed to room temperature. 
The reaction was complete after ca. 5 minutes. 
8.5.8 	The Reactions of Meta- and Para-(PF 2O)C 6 H4 (OH) with 
N-Methylpyridinium tungstenpentacarbonyliodide 
Meta- or para-(PF 2O)C 6H 4 (OH) (0.1 mmol) was mixed with 
N-methylpyridinium tungstenpentacarbonyliodide (0.1 mmol) in 
a sealed n.m.r. tube containing CC12D2 (0:5  cm3 ) as solvent. 
The reaction was complete after 3 days at. room temperature. 
8.5.9 	The Reactions of S(PF 2 ) 2 with W(CO) 5 [ineta - (and 
para-) (PF 2O)C 6H 4 (OH)] 
S(PF 2 ) 2 (0.1 mmol) and W(CO) 5 [meta- (or para-)-
(PF 2O)C 6 H4 (OH)] (0.1 mmol) were mixed together in a sealed 
n.m.r. tube containing CC1 2D 2 (0.5 cm3 ) as solvent. The 
reaction was complete after ca. 10 minutes at room temperature. 
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8.5.10 The Reactions of W(CO) 5 [meta- (and para-) 
(PF 20 ) C 6 !14(OPF2)] with N-Methylpyridinium 
molybdenumpentacarbonyl iodide 
N-Methylpyridinium molybdenumpentacarbonyliodide 
(0.1 rnmol) was mixed with W(CO) 5 [meta- (or para-)- 
(PF 2O)C 6H 4 (OPF 2 )] (0.1 mmol) in a sealed n.m.r. tube. contain-
ing CC1 2D 2 (0.5 cm3 ). The reaction was complete after 30 
minutes at room temperature. The metal complexes were 
separated from the N-methylpyridiniumiodide by filtration. 
8.6 	Experimental Details.Relating to Chapter 4 
8.6.1 	Reactions of (PF2 )S(CH 2 )S(PF 2 ) with 
[Ru (p-cymene) Cl 2 ] 2 
Solutions of [Ru(p-cymene)Cl 2 ] 2 in CC1 3D (0.5 cm3 ) were 
mixed with ligand in sealed n.m.r. tubes in the concentrations 
shown below. 
Table 8.2 	Reaction Concentrations 
Concentration/rnmol 
n 	Ligand 	[Ru(p-cymene)C1 2 ) 2 
3 	 0.1 	 0.1 
4 	 0.1 	 0.05 
5 	 0.1 	 0.1 
6 	 0.05 	 0.1 
The reactions were followed by n.m.r. spectroscopy and were 
complete after ca. 10 minutes at room temperature.. The 




8.6.2 	Reactions of (PF 2 )O (CH 2 )O(PF2 ) with 
[Ru (p-cymene) C1 2 ] 2 
Solutions of [Ru(p-cymene)C1 2 1 2 (0.05 Inmol) in CC1 3D 
(0.5 cm3 ) were mixed with ligand (0.05 mmol) in sealed n.m.r. 
tubes. The reactions were conducted at room temperature and 
were complete in ca. 10 minutes. The product mixtures 
contained two complexes, unreacted [Ru(p-cyrnene)C1 2 1 2 and 
the desired product, Ru(p_cymene)Cl 2 [(PF 2 )O(CH 2 )O(PF 2 )]_ 
Ru(p-cymene)C1 2 . The two complexes were separated using a 
column packed with activated silica and CC1 2H 2 as eluant. 
The faster eluting orange band was identified as 
[Ru(p-cymene)C1 2 ] 2 while the slower eluting yellow band was 
identified as the desired complex. The yields of the 
separated difluorophosphine complexes were low ca. 20% for 
n=3, 5 or 6. For n=4 there was sufficient yield to grow 
crystals by layering a CC1 2H 2 solution of the complex with 
60-80 petroleum ether. 
8.6.3 	The Reaction of PF 2 SEt with [Rh(C 5Me 5 )C1 2 ] 2 
PF 2 SEt (0.1 mmol) and [Rh(C 5Me 5 )C1 2 ] 2 (0.05 minol) were 
mixed in a sealed n.m.r. tube containing CC1 3D (0.5 cm3 ) as 
solvent. The reaction was complete after 10 minutes. 
8.6.4 	The Reaction of Meta-(PF 2O)C 6H 4 (OPF 2 ) with 
[Rh (C 5Me 5 )Cl 2 ] 2 
Meta- (PF 2O)C 6 H4 (OPF 2 ) (0.05 mmol) and [Rh(C 5Me 5 )CI 2 ] 2 (0.05 mmd.) 
were mixed in a sealed n.m.r. tube containing CC1 3D (0.5 cm 3 ) 
as solvent. The reaction was complete after 10 minutes. 
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8.7 	Experimental Details Relating to Chapter 5 
The same experimental technique was employed for all 
the reactions described in this section. The two reactants 
were mixed in a sealed n.m.r. tube, containing a suitable 
solvent (0.5 cm3 ), in the concentrations detailed in 
Table 8.3. 
The products of reactions 4,5,10 and 11 were isolated 
simply by removing the solvents, and any volatile by-products, 
by vacuum distillation. 
Table 8.3 	Reaction Mixtures 
 S(PF 2 ) 2 	(0.4) HO(CH 2 ) 2 SH 	(0.2) C 6 D  6 
 S(PF 2 ) 2 	(0.1) FI0(CH 2 ) 2 SH 	(0.1) C 6 D  6 
 S(PF 2 ) 2 	(0.4) HOCH 2CCCH 2OH 	(0.2) CC1 3D 
 S(PF 2 ) 2 	(0.7) Glucose 	(0.1) CC1 3 D 
 S(PF 2 ) 2 	(0.5) Arabinose 	(0.12) CC1 3D 
 S(PF 2 ) 2 	(0.2) [Ru(C 5H 4 CO 2H)C1 2 ] 2 	(0.08) CC1 2 D2 
 S(PF 2 ) 2 	(0.08) [Ru(C 6 H 6OH) (PMe 2 Ph)Phen] [PF 6 ] 	(0.05) CC1 3D 
 (PF 2 )OCH 2CCCH 2O(PF 2 ) 	(0.2) nbdMo(CO) 4 	(0.2) CC1 3D 
 (PF 2 )Y(CH 2 )Y(PF2 ) 	(0.1) PtC1 4 2 	(0.1) CC1 2D 2 
1=0 	n=3,4 
Y=S n=3,6 
 J0)P_F 	(0.1) nbdMo(C0) 4 	(0.05) CC1 2D 2 
 (0.1) [N-mçfl[Mo(C0) 5 1] 	(0.1) CC1 2D 2 
 (PF 2 )S(CH 2 ) 3 S(PF 2 ) 	(0.07) [IrCl(Cyclooctene) 2 ] 2 	(0.07) CC1 3 D 
values in parenthesis are concentrations in nimols 
Phen = 1,10 phenanthroline 
nbd = norbornadiene 





J.-F. Nixon, Adv. Chem. Rad. Chem., (1970), 13, 363. 
S. Cradock, E.A.V. Ebsworth, M.L. McConnel, D.W.H. Rankin 
and M. Todd, J. Chem. Soc. Dalton Trans., (1977), 1925. 
G.G. Flaskerud, K.E. Pullen and J.M. Shreeve, Inorg. 
Chem., (1969), 8, 728. 
G.H. Sprenger and J.M. Shreeve, J. Fluor. Chem., (1974), 
4, 201. 
E.L. Lines and L.F. Centofanti, Inorg. Chem., (1974), 
13, 1517. 
R.W. Rudolph, R.C. Taylor and R.W. Parry, J. Amer. Chem. 
Soc., (1966) , 88, 3729. 
R.T. Paine, R.W. Light and P.E. Maier, Inorg. Chem., 
(1979) , 18, 368. 
E.R. Falardeau and D.D. Desmarteau, J. Fluor. Chem., 
(1976) , 7, 185. 
G.N. Bockerman and R.W. Parry, J. Fluor. Chem., (1976), 
7, 1. 
L.F. Centofanti and R.W. Rudolph, Inorg. Synth., (1970), 
12, 281. 
E.A.V. Ebsworth, C. Huntly and D.W.H. Rankin, J. Chem. 
Soc. Dalton Trans., (1984), 2301. 
D.E.J. Arnold, J.S. Dryburgh, E.A.V. Ebsworth and 
D.W.H. Rankin, J. Chem. Soc. Dalton Trans., (1972), 2518. 
E.A.V. Ebsworth, D.W.H. Rankin, W. Steter and J.G. Wright, 
J. Chem. Soc. Dalton Trans., (1981), 1768. 
D.R. Martin and P. Pizzolato, Inorg. Synth., (1953), 4, 
141. 
-156- 
R. Schmutzler, Ber., (1963), 96, 2433. 
D.R. Martin, W.D. Cooper, D.D. Spessard and H.S. Booth, 
J. Amer. Chem. Soc., (1952), 74, 809. 
H.A. Anderson, J. Amer. Chem. Soc., (1947), 69, 2495. 
J.G. Morse, K. Cohn, R.W. Rudolph and R.W. Parry, 
Inorg. Synth., (1967), 10, 147. 
R. Schmutzler, Inorg. Chem., (1965), 3, 415. 
A.E. Goya, M.D. Rosario and J.W. Gilje, Inorg. Chem., 
(1964), 8, 725. 
J.F. Nixon, J. Chem. Soc. A, (1968), 2689. 
R. Foester and K. Cohn, Inorg. Chem., (1972), 11, 2590. 
E.R. Falardeau and D.D. Desrnarteau, J. Fluor. Chem., 
(1976) , 7, 185. 
E.L. Lines and L.F. Centofanti, Inorg. Chem., (1973), 
12, 2111. 
R.G. Cavell, T.L. Charlton and W. Sim, J. Amer. Chem. 
Soc., (1971), 93, 1130. 
J.S. Harman and D.W.A. Sharpe, J. Chem. Soc. A, (1970), 
1935. 
R.G. Cavell, J. Chem. Soc. A, (1964), 1992. 
E.R. Cromie, G. Hunter and D.W.H. Rankin-, Angew. Chem. 
Int. Ed., (1980), 19, 316. 
E.A.V. Ebsworth, G.M. Hunter and D.W.H. Rankin, J. Chem. 
Soc. Dalton Trans., (1983), 245. 
E.A.V. Ebsworth, G.M. Hunter and D.W.H. Rankin, J. Chem. 
Soc. Dalton Trans., (1983), 1983. 
This work. 
E.R. Cromie. Unpublished results. 
-157- 
D.E.J. Arnold, E.R. Crornie and D.W.H. Rankin, J. Chem. 
Soc. Dalton Trans., (1977) , 1999. 
M. Whittaker, Final Year Research Project, 1980, 
University of Edinburgh. 
D.E.J. Arnold, Ph.D. Thesis, (1980), University of 
- Edinburgh. 
L.F. Centofanti and R.G. Cavell, Inorg. Chem., (1968), 
5, 1005. 
T.L. Chariton and R.G. Cavell, Inorg. Chem., (1969), 
8, 2436. 
R.B. King, Acc. Chem. Res., (1980), 13, 243. 
L.E. Bell, 'Metal Chelation, Principles and Applications', 
Oxford Univ. Press, (1977). 
R.B. King and J. Gimeno, Inorg. Chem., (1978), 17, 2396. 
R.B. King and J. Gimeno, Inorg. Chem., (1978), 17, 2390. 
R.B. King and J. Gimeno, Inorg. Chem., (1978), 17, 2401. 
M.G. Newton, R.B. King, M. Chang and J. Gimeno, 
J. Amer. Chem. Soc., (1977), 99, 2802. 
R.J. Clark and P.J. Hoberman, Inorg. Chem., (1967), 4, 
1771. 
R. Nathiew and R. Poilbianc, Inorg. Chem., (1972), 11, 
1858. 
C.G. Barlow, J.F. Nixon and M. Webster, J. Chem. Soc. A. 
(1968), 2518. 
T.R. Johnson and J.F. Nixon, J. Chem. Soc. A, (1969), 
2518. 
C.G. Barlow, J.F. Nixon and J.R. Swain, J. Chem. Soc. A, 
(1969), 1082. 
R.B. King, M. Shimura and G.M. Brown, Inorg. Chem., (1984), 
23, 1398. 
-158- 
P.B. Hitchcock, S. Morton and J.F. Nixon, J. Chem. Soc. 
Dalton Trans., (1984), 603. 
J.F. Nixon and S. Morton, J. Organornet. Chem., (1985), 
283, 123. 
C.A. Udovich, R.J. Clark and H. Haas, Inorg. Chem., 
(1969) , 8, 1066. 
T. Kruck, M. Höfler, K. Baur, P. Junkes and K. Glinka, 
Ber., (1968), 101, 3827. 
J.F. Nixon, J. Chem. Soc. A, (1967), 1136. 
T. Kruck, Angew. Chem. (mt. Ed.), (1967), 6, 53. 
R.B. King and J. Gimeno, Inorg. Chem., (1978), 17, 2390. 
R.B. King, J. Girneno and T.J. Lotz, Inorg. Chem., (1978), 
17, 2401. 
R. B. King and T. W. Lee, J. Organomet. Chem., (1980), 190, C17. 
G.M. Brown, J.E. Finholt, R.B. King and T.W. Lee, 
J. Amer. Chem. Soc., (1981), 103, 5249. 
G.S. Reddy and R. Schmutzler, Z. Naturforschg., (1965), 
20, 104. 
R.K. Harris and B.E. Mann, 'N.m.r. And The Periodic 
Tablet, Academic Press, (1978). 
R. Schmutzler, Adv. Fluor. Chem., (1965), 5, 31. 
E.K. MacDonald, Ph.D. Thesis, (1980), University of 
Edinburgh. 
J. Odom and A.J. Zozulin, Inorg. Chem., (1981), 20, 
3740. 
D.L. Gallup and J.G. Morse, Inorg. Chem., (1978), 17, 
1340. 
D.L. Gallup and J.G. Morse, Inorg. Chem., (1978), 17, 
3438. 
-159- 
N.R. Zack, K.W. Morse and J.G. Morse, Inorg. Chem., 
(1975), 14, 3131. 
D.F. Shriver, 'The Manipulation of Air Sensitive 
Compounds', McGraw Hill, (1969) 
R.K. Harris, J.R. Woplin, R.E. Dummar, M. Murray and 
R. Schmutzler, Ber. Bunsenges. Phys. Chem., (1972), 
76, 44. 
P.S. Pregosin and R.W. Kunz, 'N.m.r. 16. Basic Principles 
and Progress', Ed. P. Diehl, E. Fluck and R. Kosfield, 
Springer Verlag, (1979). 
F.A. Bovey, 'Nuclear Magnetic Resonance Spectroscopy', 
Academic Press, (1970) 
R.B. King and K.S. Raghn Veer, Inorg. Chem., (1984), 
23, 2482. 
C. Crocker, J.R. Edrington, R. Markham, C.J. Moulton, 
K.J. Odell and B.L. Shaw, J. Amer. Chem. Soc., (1980), 
102, 4373. 
N.A. Al Salem, H.O. Empsall, R. Markham, B.L. Shaw and 
B. Weeks, J. Chem. Soc. Dalton Trans., (1979), 1972. 
P. Pryde, B.L. Shaw and B. Weeks, J. Chem. Soc. Dalton 
Trans., (1976), 322. 
A.R. Sanger, J. Chem. Soc. Dalton Trans., (1977), 1971. 
J.C. Briggs, C.A. McAuliffe, W.E. Hill, D.M.A. Minahan, 
J.G. Taylor, G. Dyer, Inorg. Chem., (1982), 21, 4204. 
B.L. Shaw, J. Amer. Chem. Soc., (1975), 97, 3856. 
A. Constable, W.S. McDonald and B.L. Shaw, J. Chem. Soc. 
Dalton Trans., (1979) , 497. 
80. W. Levason, C.A. McAuliffe and S.G. Murray, J. Organomet. 
Chem., (1976), 110, C25. 
-160- 
C.A. McAuliffe, H.E. Souter, W. Levason, F.R. Hartley 
and S.E. Murray, J. Organomet. Chem., (1978), 159, C25. 
T.G. Appleton, M.A. Bennet and J.B. Tomkins, J. Chem. 
Soc. Dalton Trans., (1976), 439. 
E.A. Seddon and K.R. Seddon, 'The Chemistry of Ruthenium', 
Monograph 19, 'Topics in Inorganic and General Chemistry', 
Edited R.J.H. Clark, Elsevier, 1984. 
M.A. Bennett and A.K. Smith, J. Chem. Soc. Dalton Trans., 
(1974) , 233. 
R.A. Zelonka and M.C. Baird, Can. J. Chem., (1972), 50, 
3063. 
J. Fotheringham, Private Communication. 
J.W. Kang, M. Mosely and P.M. Maitlis, J. Amer. Chem. 
Soc., (1969), 91, 5970. 
J.W. Kang, M. Moseley and P.M. Maitlis, J. Chem. Soc. A, 
(1970) , 2875. 
Crystal Struc ture Determination by Dr. A. Blake, 
University of Edinburgh, 1985. 
N. Fitzowsky, A. Lentz and J. Goubeau, Z. Anorg. Ally. 
Chem., (1971), 386, 67. 
'Aldrich Library of I.R. Spectra', Edited C.J. Pouchert, 
Aldrich Chemicals, (1970) 
T. Kruck and A. Prasch, Z. Anorg. Ally. Chem., (1969), 
371, 1 
T. Kruck, W. Lang, N. Derner and M. Stadler, Ber., 
(1968), 101, 3816. 
 M.A. Bennett and D.J. Patmor, Chem. 	Comm., 	(1969), 	1510. 
 H.S. Gautowsy and D.W. McCall, J. 	Chem. 	Phys., 	(1954), 
22, 162. 
-161- 
J.R. Van Wazer, C.F. Callis, J.W. Shary and R.C. Jones, 
J. Amer. Chem. Soc., (1956), 78, 5715. 
J.F. Nixon and S. Morton, Chem. Comm., (1984), 603. 
D.R. Robertson, I.W. Robertson and T.A. Stephenson, 
J. Organomet. Chem., (1980), 202, 309. 
G. Hunter, Ph.D. Thesis, University of Edinburgh, (1981). 
N. Pilkington, Private Communication. 
G. Bell, Honours Research Project, University of 
Edinburgh, (1982) 
G. Bell, and D.W.H. Rankin, J. Chem. Soc. Dalton Trans., 
in press. 
T. Arthur and T.A. Stephenson., J. Organomet. Chem., 
( 19 81 ) , 208, 369. 
 D.R. Duncan, Inorg. Synth., 	(1939), 1, 	151. 
 K.J. Durant, Chem. Abs., 	(1958), 	52, 17805. 
J.J. Eisch and R.B. King, 'Organometallic Synthesis', 
Vol. 1, Academic Press, (1968). 
 G.R. Dobson, Inorg. Chem., (1969), 1, 	96. 
 P.B. Hitchcock, S. Morton and J.F. Nixon, J. Chem. Soc. 
Dalton Trans., (1985), 1295. 
C.M. Huntley, C.S. Laurenson and D.W.H. Rankin, J. Chem. 
Soc. Dalton Trans., (1980), 954. 
S. Cradock, J. Kaprowski and D.W.H. Rankin, J. Mol. 
Struct., (1981), 77, 113. 
D.M. Bridges, G.C. Holywell and D.W.H. Rankin, 
J. Organomet. Chem., (1971) , 32, 87. 
G.C. Holywell, D.W.H. Rankin, B. Beagley and J.M. Freeman, 
J. Chem. Soc. A, (1971), 785. 
-162- 
A.S.F. Boyd, G.S. Laurenson and D.W.H. Rankin, 
J. Mol. Struct., (1981), 71, 	217. 
L. Shafer, A.C. Yates and R.A. Bonham, J. 	Chem. 	Phys., 
(1971) , 55, 3055. 
M.I. Davis, 'Electron Diffraction In Gases', Marcel 
Dekker Inc., New York, (1971). 
D.E.J. Arnold and D.W.H. Rankin, J. Chem. Soc. Dalton 
Trans., (1975), 889. 
J.G. Buchanan, N.A. Hughes and G.A. Swan, 'Rodds 
Chemistry of Carbon Compounds', (1965), 1, 63, Ed. 
S. Coffey, Elsivier Publishing Comp. 
A.N. Nesmeyanov, V.V. Krivykh, G.A. Pariosyan, 
P.V. Petrovskii and M.Z. Rybinskaya, J. Organomet. Chem., 
(1979) , 164, 167. 
Y. Wakatsuki, S. Nozakura and S. Mura, Bull. Chem. Soc. 
Japan, (1969), 42, 273. 
M. Colapietro and L. Zambonelli, Acta Crystallogr., 
(1971) , B76, 734. 
D.E. Bublitz and K.L. Dinehart, Org. React., (1969), 
17, 1. 
E. Weiss, K. Stark, J.E. Concaster and H.D. Murdock, 
Helv. Chem. Acta., (1963), 46, 288. 
J. Bresancon, S. Top, J. Tirouf let and B. Gautheron, 
J. Organomet. Chem., (1975), 94, 35. 
G. Portalone, G. Shultz, A. Domenicano and I. Horgittai, 
J. Mol. Struct. , (1984) , 118, 53. 
A. Domenicano, A. Vaciago and P. Murray-Rust, Acta 
Cryst., (1983) , B39, 457, and references therein. 
-163- 
D.E.J. Arnold, G. Gunderson, D.W.H. Rankin and 
H.E. Robertson, J. Chem. Soc. Dalton Trans., (1983), 1989. 
E.A.V. Ebsworth, E.K. MacDonald, D.W.H. Rankin, 
Monatsh., (1980), 111, 221. 
D.E.J. Arnold and D.W.H. Rankin, J. Fluor. Chem., 
(1972) , 2, 2j05. 
E.G. Codding, C.E. Jones and R.H. Schwendeman, Inorg. 
Chem., (1974), 13, 178. 
-164- 
COURSES ATTENDED 
Inorganic Group Meetings and Seminars 
Electrochemistry In and Out of Mothballs 
(Dr. G.A. Heath, Edinburgh University, - 
Chemistry Department) 
The Chemistry of Photographic Processes 
(Dr. L.A. Williams, Eastman Kodak Ltd.) 
Advances in Inorganic Chemistry 
(Staff of Edinburgh University, Chemistry 
Department) 
Microcomputors in Chemistry 







Modern Inorganic Chemistry 	 (1 unit) 
(Dr. M. Schrôder, Edinburgh University, 
Chemistry Department) 
Valence Shell Electron Repulsion Theory 	 (1 unit) 
(Dr. D.C. Glidewell, University of St. Andrews, 
Chemistry Department) 
Emas Users Course 	 (1 unit) 
(Staff of Edinburgh Regional Computing Centre) 
